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ABSTRACT 

3 9 7 2  
On the  b a s i s  of information gathered from generators and users  of 

human factors  t a sk  data  by both interviews and quest ionnaires  and by a review 
of relevant l i terature , human factors personnel and data  were identified,  
the relations between them descr ibed,  and recommendations for a n  auto- 
mated human factors  t a sk  data  handling system proposed. 
personnel were clearly divis ible  into four hierarchically arranged groups: 
Program Level Managers ,  Personnel Subsystem Managers , Department 
H e a d s ,  and Nonmanagerial Personnel. In general  , and for the populations 
descr ibed ,  managers or  supervisors were the principal users  and non- 
managerial personnel t h e  principal generators of human factors da t a .  A 
framework that permits classification of both formatted and unformatted 
data  was  proposed a s  responsive to the generally felt  need by data  gen- 
erators and users  for more orderly "book-keeping" in  the  human factors 
realm. Desirable character is t ics  of an automated human factors t a sk  data  
handling system were derived from the questionnaire responses .  The 
responses  a l s o  indicated that: (1) about 80% thought some u s e  could 
be  made of computers i n  their  work, (2) retrieval t i m e  was  important t o  
a t  l e a s t  80%,  (3) current modal data retrieval t imes range from 1 t o  6 
d a y s ,  (4) about half of the respondents were d issa t i s f ied  with current 
data  retrieval t imes ,  (5) retrieval times of less than 1 day would prob- 
ably not be used more than twice a month by each  respondent.  Recorn- 

Human factors 

mendations for implementing the  system included 
des ign  and apply i t  on a modest sca le  consonant 
development. 

s t eps  necessary  to 
with current system 
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SECTION I 

I NTRODUCT I ON 

Problem 

The s ize,  complexi ty,  and compressed developmental schedules o f  
modern weapon and space systems have r e s u l t e d  i n  the generat ion o f  
inc reas ing ly  unwieldy amounts of human task data. Consequences o f  
t h i s  unwieldy b u l k  o f  data include r e l i a n c e  on e x p e r t i s e  when e x i s t i n g  
data a r e  n o t  known to  e x i s t  or are inaccessible,  inadver tent  d u p l i c a t i o n  
o f  research e f f o r t s ,  and s c a t t e r i n g  o f  c o s t l y  in format ion.  These 
problems could be a t  l e a s t  p a r t i a l l y  a l l e v i a t e d  by t h e  development o f  
an automated system f o r  e f f i c i e n t  storage, accurate processing, and 
r a p i d  r e t r i e v a l  o f  human task data and r e l a t e d  in format ion.  Pre- 
r e q u i s i t e  t o  the design o f  such a system a r e  knowledge about the na ture  
o f  the  data t o  be handled, and o f  the  generators and users o f  the 
data. I t  was t o  these general ends t h a t  the study was d i rec ted .  

Purpose 

The purpose o f  t h i s  research was t o  i d e n t i f y  and d e f i n e  the 
important parameters f o r  the  development o f  an automated human f a c t o r s  
data hand l ing  system by: 

1. I d e n t i f y i n g  representat ive groups o f  techn ica l  and 
pro fess iona l  s p e c i a l i s t s  who generate o r  use human 
f a c t o r s  task data. 

2. I d e n t i f y i n g  representat ive types and methods o f  
p resenta t ion  and exchange o f  human f a c t o r s  task 
data generated and/or used dur ing  the  phases o f  
system design, development, t e s t ,  and operat ion.  

3.  R e l a t i n g  the  data i d e n t i f i e d  w i t h  s p e c i a l i s t  groups 
and i n d i c a t i n g  (a) by whom and how the data a r e  
generated and used, and how the data a re  a p p l i c a b l e  
to  a s p e c i f i c  phase o f  system design, development, 
t e s t i n g ,  or  operat ion;  and (b) recommending a l t e r -  
n a t i v e  procedures. 

4. Descr ib ing the impact o f  the data and the method o f  
p resenta t ion  o f  the  data upon the system design, 
development, operat ion,  and the  r e l a t e d  management 
decis ions. 

1 



5. Descr ib ing present techniques and suggest ing a1 t e r -  
na t i ve  techniques by which the language o f  human 
fac to rs  task data and in fo rmat ion  could be stan- 
dardized o r  used c o n s i s t e n t l y ,  and e s p e c i a l l y  i n  
consonance w i t h  opera t iona l  and engineer ing terminology. 

Scope 

Although i t  may be argued t h a t  the generat ion and use o f  human task  
data i s  re la ted  t o  v i r t u a l  l y  a l l  o f  the  in fo rmat ion  r e s u l t i n g  f rom aero- 
space development, the  scope o f  t h i s  study was l i m i t e d  t o  c lasses o f  
data t h a t  are commonly used t o  make des ign dec is ions  a f f e c t i n g  man's 
r o l e  i n  systems o r  t o  descr ibe t h i s  ro le .  Human fac to rs  task  data and 
r e l a t e d  man-machine in fo rmat ion  were f o r  t he  purpose o f  the s tudy de f ined 
as i nc lud ing  the  q u a l i t a t i v e  and q u a n t i t a t i v e  task and performance data 
fo r  operator  and maintenance personnel. These task  data emphasized the  
behaviora l  data o f  human engineer ing,  human lea rn ing  and t r a i n i n g ,  and 
t r a i n i n g  equipment, and included f o r  example: ( I )  the demands t h a t  the 
system, man, or  the s i t u a t i o n  make upon one another (e.g,, the  working 
environment, t ime c r i t i c a l i t y ,  performance accuracy); (2) d i s c r e t e  
task in fo rmat ion  such as expected o r  requ i red  task  and s k i l l  parameters 
f o r  f i x e d  and/or v a r i a b l e  task procedures; ( 3 )  the  a p p l i c a t i o n s  o f  s k i l l s  
w i t h i n  system miss ion segments and t ime base, where s k i l l s  p e r t a i n  t o  
such func t ions  as de tec t i ng  and process ing in format ion,  mon i to r i ng  and 
communicating w i t h  or d i r e c t i n g  machines or humans, command or dec i s ion  
making, feedback and se l f -a l ignment  o r  adjustment. 

Although in fo rmat ion  c u r r e n t l y  a v a i l a b l e  through such sources as 
Defense Documentation Center (DOC), T u f t s  I n s t i t u t e ,  and Documentation 
Incorporated was c l e a r l y  re levant  t o  the  design and d e s c r i p t i o n  o f  human 
tasks f o r  space systems, i t  was beyond the  scope o f  t h i s  s tudy t o  in-  
corporate a l l  data i n  e x i s t i n g  r e t r i e v a l  cen ters  o r  t o  supplant the  
a c t i v i t i e s  o f  such centers.  Rather, i t  was f e l t  t h a t  any system r e s u l t i n g  
from t h i s  study should be compat ib le w i t h  ou tpu ts  and input  requirements 
o f  e x i s t i n g  human f a c t o r s  data systems. 

Overview 

The pr imary concern o f  t h i s  research was w i t h  the d e s c r i p t i o n  of a 
human f a c t o r s  data base and i t s  p o t e n t i a l  uses. The p r i n c i p a l  p a r t s  o f  
the repo r t  describe: 

1 .  The approach t o  ga ther ing  and ana lyz ing  in fo rmat ion  
about the k inds  of  human task  data invo lved i n  aerospace 
system development and the ways i n  which such data a r e  
generated, processed, s tored,  re t r i eved ,  disseminated, 
and used. 

2 



I . 
2. Resul ts from surveying human f a c t o r s  1 i t e r a t u r e ,  from 

in format ion and opin ions expressed by system development 
personnel who were interviewed, and from quest ionnai res 
sent t o  human f a c t o r s  personnel. 

3 .  An i d e a l i z e d  sumnary o f  the network f o r  generat ing,  
handl ing,  and us ing human task  data throughout system 
development. 

4. Categories o f  human task and r e l a t e d  data which an 
automated system must be capable o f  handl ing,  and which 
may be usefu l  i n  the  i n i t i a l  fo rmula t ion  o f  a language 
f o r  such a system. 

5 .  Current uses o f  computers and recommendat ions of 
c h a r a c t e r i s t i c s  des i rab le in  an automated system f o r  
handl ing human f a c t o r s  data. 

6. S p e c i f i c  recommendations f o r  the implementation o f  a 
computerized data handl ing system i n  the immediate 
f u t u r e .  

3 



SECTION I I 

APPROACH 

Data Gather inq 

A l i t e r a t u r e  review, in terv iews,  and ques t ionna i res  were used t o  
gather  data.  

The l i t e r a t u r e  review was conducted t o  determine the range and 
k i n d  o f  da ta  considered t o  be i n  the human f a c t o r s  domain, the ways i n  
which such data a re  cus tomar i l y  c l a s s i f i e d ,  the uses made o f  the data, 
and c u r r e n t  methods o f  hand l ing  the data.  P a r t i c u l a r  a t t e n t i o n  was 
d i r e c t e d  toward documents which r e l a t e d  data and data hand l ing  methods 
t o  the development of space and weapons systems. 

A more de ta i l ed  d e s c r i p t i o n  o f  the  l i t e r a t u r e  review may be found 
i n  Appendix 1 .  

In terv iews were he ld  w i t h  persons engaged i n  a c t i v i t i e s  p r i m a r i l y  
concerned w i t h  the use o r  generat ion o f  human f a c t o r s  data.  The purpose 
o f  the  in te rv iews was t o  e l i c i t  in fo rmat ion  use fu l  i n  d e f i n i n g  the range 
o f  the bas ic  human f a c t o r s  data pool ,  the exact na ture  o f  data used i n  
system development, the uses made o f  data,  and the ways i n  which data 
a r e  in tegra ted  and even tua l l y  become a p a r t  o f  the opera t ing  system. 

The in terv iews were he ld  w i t h  73 persons i n  12 o f f i c e s  engaged i n  
A summary of the phases of  system design, development, and opera t ion .  

development and types o f  systems se lec ted  f o r  study i s  presented i n  Table 1. 

The persons who were in terv iewed o f t e n  vo lunteered in fo rmat ion  about 
p r o j e c t s  w i t h  which they had p rev ious l y  been associated,  
about seven add i t i ona l  systems was obta ined i n  t h i s  way. A summary of  
the types o f  these seven systems i s  presented i n  Table I I .  

In fo rmat ion  

A d e t a i l e d  d e s c r i p t i o n  o f  the i n t e r v i e w  procedure i s  a t tached as 
Appendix I I .  

Quest ionnai res were d i s t r i b u t e d  t o  142 human f a c t o r s  data generators 
and users involved i n  var ious  aspects of  system design, development, and 
operat ion.  Thei r  names were obta ined from the D i r e c t o r y  o f  the Human 
Fac tors  Society and from publ ished manufacturers '  o rgan iza t i on  char ts .  
The s e l e c t i o n  c r i t e r i a  f o r  the systems w i t h  which the p rospec t i ve  respondents 
were associated were i d e n t i c a l  t o  those used for  the i n te rv iews  (see Appendix 
1 1 ) .  Whereas the  in te rv iews had made i t  poss ib le  t o  f o l l o w  leads as they were 
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Table I . 
Phases of Development and Types o f  Systems Selected f o r  

Inclusion i n  the  Study 

A 

B 

C 

D 

E 

F 

G 

H 

I 

- 

' v )  

6 

7 

2,  3 

1 

9 

5 

3 

2, 4 

8 

- 

Late  Category I I 
Test,  Acquis i t ion 

Mock up, Devel- 
opment, Acquis i t ion 

Pre-product ion, 
Acquis i t ion 

Late  Production, 
Opera t i ona 1 

Conceptual 

D e f i n i t i o n  

D e f i n i t i o n  

Category I I  
Opera t i ona 1 

Des i gn 

, Test 

X X 

x x  

X 

X 

X 

x x  

X 

X 

X 

X 

x x  

X X 
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Table I I  

Systems with which lnterviewees had been Previously 
Associated 

X X X 

x x  X 

X X 

x x  

X X 

x x  

X 

X 

X 

X 

X 

x x  

6 



?' 

uncovered du r ing  the i nves t i ga t i on ,  the ques t ionna i res  prov ided 
q u a n t i f i a b l e  in fo rmat ion  which would have been d i f f i c u l t  t o  ob ta in  i n  
an i n te rv iew  s i t u a t i o n .  The use o f  ques t ionna i res  a l s o  made poss ib le  
ex tens ion  o f  the number of i nd i v idua ls  contacted as w e l l  as the k inds 
of a c t i v i t i e s  and systems encompassed by the survey. 

A sample ques t ionna i re  i s  attached as Appendix 1 1 1 .  

Ana 1ys i s 

Ana lys is  was accomplished i n  four steps. In fo rmat ion  from l i t e r a t u r e ,  
in te rv iews,  and ques t ionna i res  was organized and summarized w i t h i n  in- 
d u c t i v e l y  der ived categor ies.  
were abs t rac ted  and organized i n t o  a d e s c r i p t i o n  o f  the system development 
network f o r  handl ing human task  and re la ted  data.  F i r s t  order  and net- 
work analyses were used i n  d e r i v i n g  ca tegor ies  of  human task data which 
seem most cogent f o r  an automat ic handl ing system. A l l  o f  these were 
considered i n  summary. F i n a l l y ,  desired c h a r a c t e r i s t i c s  o f  an automated 
human f a c t o r s  data hand l ing  system were der ived;  recommendations were 
made fo r  implementing these c h a r a c t e r i s t i c s .  

Resul ts from t h i s  f i r s t  o rder  o f  ana lys is  

Fu r the r  desc r ip t i ons  of the data analyses a r e  presented i n  Appendix I V .  
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SECTION 1 1 1  

HUMAN FACTORS PERSONNEL AND DATA 

Informat ion bear ing upon human f a c t o r s  personnel and data was 
organized i n t o  sec t ions  t h a t  were responsive t o  one o f  f o u r  major 
quest ions concerning human f a c t o r s  i n  system development: who a r e  
the users and generators o f  human f a c t o r s  data?; what i s  the na ture  
of  human fac to rs  data?; what a re  the r e l a t i o n s h i p s  which e x i s t  between 
human f a c t o r s  personnel, data, and systems?; and, what i s  the impact 
o f  human fac to rs  data i n  system development? 

The generators, users, and types o f  human f a c t o r s  data, and the 
impact o f  human f a c t o r s  cons idera t ions  a r e  i n t i m a t e l y  r e l a t e d  by v i r t u e  
o f  t h e i r  i n t e g r a t i o n  i n  system design, development, and operat ion.  The 
presenta t  ion  which f o l  lows, therefore,  proceeds through b r i e f  separate 
considerat ions o f  these f a c t o r s  t o  d e t a i l e d  desc r ip t i ons  of  the r e l a t i o n s  
be tween them. 

Human Fac tors  Personnel 

The u l t i m a t e  users of  human f a c t o r s  data a re  c o l l e c t i v e  groups 
such as A i r  Force Commands and Nat ional  Aeronaut ics  and Space Admin i s t ra t i on  
(NASA) Headquarters or var ious NASA centers  t h a t  "buy" systems and the 
i n d i v i d u a l s  who operate,  mainta in ,  and support  them. Due t o  the I n t e r -  
dependence o f  a l l  f ace ts  o f  design and opera t ion ,  however, separat ion o f  
human f a c t o r s  aspects o f  a system from a l l  the o the r  aspects was impossible 
a t  t h i s  management l eve l .  A t  a l l  o the r  l e v e l s  the  i n d i v i d u a l s  responsib le  
f o r  so l v ing  problems t h a t  a r i s e  as the r e s u l t  o f  i n t e r a c t i o n s  between 
people and machines can be i d e n t i f i e d .  

I n t e  r v  i ewees 

O f  the 73 persons in terv iewed,  fou r  o f  the s i x  Personnel Subsystem 
Managers had doctor  o f  ph i losophy degrees i n  psychology. The remaining 
two Personnel Subsystem Managers were a des ign engineer,  and a r e t i r e d  
A i r  Force p i l o t  w i t h  human fac to rs  and engineer ing experience. 
ground in format ion was obta ined for  two Contract  Managers. 

No back- 

F i v e  o f  the 17 Department Heads were doc tors  i n  ph i losophy i n  
psychology, and one was a doc tor  o f  phi losophy i n  Engl ish.  
group o f  1 1  Department Heads was comprised o f  four  t r a i n i n g  s p e c i a l i s t s ,  
four  human fac to rs  s p e c i a l i s t s ,  and th ree  engineers,  

The remaining 

O f  the 48 non-managerial personnel, seven could be p o s i t i v e l y  iden- 
t i f i e d  as human f a c t o r s  s p e c i a l i s t s  and one was an engineer.  
managerial personnel were charac ter ized  by he terogene i ty  of formal 

The non- 
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educational background (with a sl ight preponderance of engineering 
w training) and varying degrees of on-the-job human factors experience. 

Respondents to the Questionnaires 

In order to assess differentially the interactions between human 
factors personnel and data, the respondents to the questionnaire were 
divided into "Personnel Groups." The results of this classification 
are summarized in Table 1 1 1 .  Here it can be seen that, based on the 
principal functions performed by the respondents, four such groups were 
identified. 

Lists of specific job titles included in each Personnel Group are 
attached as Appendix VII. 

Analysis of the questionnaires also provided additional information 
about generators and users of human factors data. Items 2 through 5 on 
the questionnaires were designed to yield data related to the identification 
of generators and users of human factors data. Items 2 and 3--position 
and closest working associates--served to locate the respondents in the 
system hierarchy, while items 4 and 5--journals most frequently read, and 
professional association memberships--served to identify the backgrounds 
and interests of the respondents. It should be noted that in the item 
which concerned journals most frequently read the respondents were enjoined 
not to ifidicate data sources. The intent was to examine the respondents 
as professional individuals rather than as holders of specific jobs. The 
analyses of items 6 through 8 served to relate classes of human factors 
personnel ("Personnel Groups") to sources and forms of processing of data, 
as well as to forms of  outputs. 

The professional journals and technical publications most frequently 
read by the respondents were sorted into either of seven categories of 
psychological periodicals, nine categories of  non-psychological periodicals, 
o r  five categories of aperiodically published technical documents. The 
results of this sorting are presented in Table I V  which shows that the 
aeronautical, general psychological periodicals, and applied psychological 
periodicals accounted for 48 per cent of the total responses to this item. 
If technical research reports, general scientific periodicals, and bio- 
medical periodicals are added to these three categories, about 79 per cent 
of the response distribution will have been included. The remaining 21 
per cent of the responses were widely distributed among the other categories. 

SInre hmsn fsr-tcrs ~ f f c r t s  are  comprised nf s c i e n t i f i c  endeavors 
i n  the general domain of psychology and, since all of the respondents had 
at one time been involved in aerospace efforts, these results are as would 
have been predicted: the reading habits of the respondents were reflective 
of their fields of specialty. 
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Table 1 1 1  

Pr inc ipa l  Funct ions Performed by the  Respondents 
t o  the Quest ionnai res 

~ -~ 

pe rsonne 1 Group 

Program Level 
Managers 

Pe rsonne 1 Subs ys t em 
Managers 

Department Heads 

Non-manager i a l  
Pe r sonne 1 

N 

9 

- 

16 

19 

23 

6 73: 
- 

~~ 

Func t ion  

D i r e c t  the  func t i ons  o f  o f f i c e s  
w i t h i n  a command, d i v i s i o n ,  system 
program o f f i c e ,  o r  a t e s t  center.  

Coordinate human f a c t o r s  research and 
re la ted  a c t i v i t i e s  i n  system development. 

D i r e c t  a department, d i v i s i o n ,  o r  
o ther  group w i t h i n  the personnel 
subsystem o f  a research and development 
establ ishment.  

Conduct research on p r o j e c t s  assigned 
t o  the  personnel subsystem o f  a 
research and development establ ishment.  

3: 
This  f i g u r e  represents a r e t u r n  of 47 per  cent  o f  142 quest ionnai res.  
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Table I V  

Frequencies of Reading Professional Journals and Technical 
Pub1 icat ions by Personnel Groups 

\ Response 
Category 

Applied Psychology 
Genera 1 Psychol ogy 
Miscel laneous Psycholog) 
Personnel Psychology 
Psychometry 
Aviation Psychology 
Mathematical 

Psychol oqy 

Total Psycholoqy 
~ ~~ ~~ 

Aeronautical 
Genera 1 Sc i ence 
Biomedical 
Electronic 
Engineering 
Computer 
Educa t i on 
Bus iness 
Miscellaneous Non- 
psycho1 ogy 

Total Non-psychology 
Techn i ca 1 Research 

Data Abstracts and 

I nterna 1 Commun i cat i on 
Weapon Sys tem Research 
Reports 

Text books 

Reports 

B i b i  i o y i a p h i e s  

rota 1 Technical Documents 
_ _ _ _ ~  

Tota 1 Responses 

16 ia 

35 76 35 39 * 
46 I 89 



A comparison of  the types o f  m a t e r i a l  most f requen t l y  read by 
Program Level Managers t o  those o f  t h e  o the r  th ree  Personnel Groups 
revealed an i n t e r e s t i n g  d i f f e rence :  o n l y  th ree  of  the I O 7  responses 
i n . t h e  psychological  p e r i o d i c a l s  ca tegor ies  were g iven by the Program 
Level Managers, who tended t o  favor  aeronaut ica l  and general s c i e n t i f i c  
l i t e r a t u r e  somewhat more than d i d  the o the r  th ree  Personnel Groups, 
Th is  i s  undoubtedly r e l a t e d  t o  the f a c t  t ha t ,  whereas the th ree  
h i e r a r c h i c a l l y  lower groups were h e a v i l y  populated w i t h  c i v i l i a n ,  pro- 
f ess iona l ,  psychologists and engineers who worked f o r  p r i v a t e  
organizat ions,  the h i e r a r c h i c a l l y  h igher  groups were composed ex- 
c l u s i v e l y  of managerial and pro fess iona l  personnel who were employed 
by the A i r  Force o r  NASA. 

The response d i s t r i b u t i o n  o f  the Personnel Subsystem Managers i s  
a l s o  s u f f i c i e n t l y  d i f f e r e n t  from t h a t  o f  the o the r  Personnel Groups t o  
warrant special  mention. Aeronaut ica l  p e r i o d i c a l s ,  much read by the  
o ther  th ree  groups, were r e l a t i v e l y  1 i t t l e  read by Personnel Subsystem 
Managers whose frequencies o f  1 i s t i n g  techn ica l  research repor ts ,  general 
s c i e n t i f i c  pe r iod i ca l s ,  and biomedical p e r i o d i c a l s ,  n e a r l y  equaled those 
of l i s t i n g  general and app l i ed  psychological  p e r i o d i c a l s .  

I n  Table V i s  presented a summary o f  the types o f  p ro fess iona l  or -  
gan iza t ions  t o  which the respondents belonged. 
response d i s t r i b u t i o n  t o  t h i s  i tem p a r a l l e l e d  i n  many respects t h a t  o f  
the p e r i o d i c a l s  and techn ica l  p u b l i c a t i o n s :  membership i n  psycho log ica l  
o rgan iza t ions  accounted f o r  42 per cent o f  the  t o t a l  o rgan iza t i ona l  member- 
sh ip  and appeared i n  the f i r s t  ranked p o s i t i o n  f o r  a l l  Personnel Groups. 
Second by rather  wide margins were aeronaut ica l  , general sc ien t  i f  i c ,  and 
e l e c t r o n i c  organizat ions,  which accounted f o r  another 33 per cent o f  the 
responses. Membership i n  biomedical o rgan iza t i ons  was minor and i n  the 
remaining organ iza t ions  n e g l i g i b l e .  Program Level Managers 1 i s t e d  member- 
sh ip  i n  aeronaut ica l  o rgan iza t ions  p r o p o r t i o n a l l y  more than d i d  the o the r  
th ree  groups. Th is  d i f f e rence ,  l i k e  the s i m i l a r  one noted w i t h  regard t o  
the most f requen t l y  read p u b l i c a t i o n s ,  i s  probably  occupa t iona l l y  re la ted .  

As would be expected, the 

The r e l a t i v e l y  h i g h  frequency o f  membership o f  Personnel Subsystem 
Managers and Department Heads i n  e l e c t r o n i c  and e l e c t r i c a l  o rgan iza t i ons  
i nd i ca tes  that these groups were probably  more heavi l y  populated w i t h  
personnel who had had engineer ing t r a i n i n g  and experience than were the  
o the r  two groups. 

Human Factors Task Data 

The most re levant  government document ( 1 )  de f i nes  data as t h a t  
c o l l e c t i o n  o f  forms, drawings, and p u b l i c a t i o n s ,  the genera t ion  and 
subsequent d i s t r i b u t i o n  of which i s  e s s e n t i a l  t o  the  development and 
opera t i on  of a system and which i s  c o n t r a c t u a l l y  requ i red  by the p rocu r ing  
a c t i v i t y .  Human f a c t o r s  data a r e  f u r t h e r  def ined, a t  l e a s t  i m p l i c i t l y ,  
as those aspects of  system development i d e n t i f i e d  i n  r e g u l a t i o n s  and 
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Table V 

Frequency o f  Membership i n  Profess ional  Organizat ions 

\ 1 

Psychological  

Genera 1 Sc i ence 

Aeronaut i ca 1 

E l e c t r o n i c  E E l e c t r i c  

B i omed i ca 1 

Educat ional  

Mechan i ca 1 

I n d u s t r i a l  

Computer 

Astronomical 

L i t e r a t u r e  and 
Composition 

M i  1 i t a r y  

Ordnance 

Soc io log i ca l  

Tota 1 Responses 

30 

13 

26 

9 

9 

9 

4 

23 

X %  

35 

14 

7 

9 

6 

2 

2 

1 

1 

1 

45 

18 

9 

12 

8 

3 

3 

1 

1 

1 

78 

30 

3 

6 

8 

2 

3 

2 

3 

5 

1 

1 

1 

46 

5 

9 

12 

3 

5 

3 

5 

8 

2 

2 

2 

65 

X %  

23 

8 

5 

4. 

4 

2 

4 

4 

2 

1 

2 

39 

14 

9 

7 

7 

3 

7 

7 

3 

2 

3 

59 

95 

28 

24 

23 

I4 

9 

9 

8 

7 

3 

2 

1 

1 

1 

42 

12 

1 1  

10 

6 

4 

4 

4 

3 

1 

1 

0 

0 

0 

25 
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manuals as the  "personnel subsystem." The personnel subsystem, i n  
tu rn ,  i s  def ined i n  terms o f  personnel subsystem elements. Current 
regu la t ions  and manuals (2, 3,  and 1) a r e  incons is ten t  i n  the  
presenta t ion  of the number and the  proposed content o f  the  elements. 

Regardless o f  the  number of personnel subsystem elements which 
a r e  s p e c i f i e d  f o r  a s p e c i f i c  system, the  data generat ing a c t i v i t i e s  
f o r  a l l  of them are  genera l l y  grouped i n t o  no more than f o u r  organiza- 
t i o n a l l y  independent e n t i t i e s  a t  a c o n t r a c t o r ' s  p l a n t .  Al though these 
groups a r e  i d e n t i f i e d  by a v a r i e t y  o f  names, they a l l  deal w i t h  areas 
r e l a t e d  t o  human e n g i n e e r i n g / l i f e  sciences, t r a i n i n g ,  and personnel, 
A sec t ion  i d e n t i f i e d  as having the f u n c t i o n  o f  developing task analyses 
u s u a l l y  e x i s t s  but  i s  u s u a l l y  associated w i t h  the engineer ing o r  
m a i n t a i n a b i l i t y  department or d i r e c t l y  w i t h  the human e n g i n e e r i n g / l i f e  
sciences department. 
f o r  developing the e n t i r e  personnel subsystem as de f ined by the  con- 
t r a c t u a l  ob1 i g a t i o n  o f  the  cont rac tor .  

These groups a r e  u s u a l l y  given the r e s p o n s i b i l i t y  

The data content o f  the products o f  personnel subsystem elements 
i s  described genera l l y  and i n  d e t a i l  i n  the  re levant  government manuals 
and s p e c i f i c a t i o n s  p r e v i o u s l y  mentioned. Ana lys is  o f  the content  o f  these 
reveals  tha t  the data center  around the d e s c r i p t i o n  o f  the  behavior o f  
the  human and the i m p l i c a t i o n s  o f  behavior f o r  design of  equipment, 
comfort  and s a f e t y  o f  the  human, and a c q u i r i n g  and t r a i n i n g  the personnel 
necessary to  accomplish the  descr ibed behaviors. 

An important p a r t  o f  a l l  the  s p e c i f i e d  elements inc ludes the  
anc i  1 l a r y  data requi red t o  se t  performance standards, c r i t e r i a ,  and 
measurement techniques t o  t e s t  the  relevance o f  the data developed, the 
adequacy o f  the  data t o  support  the  system, and e f f i c i e n c y  o f  the 
opera t ion  o f  the personnel subsystem when the system becomes opera t iona l .  
For e f f i c i e n c y  i n  r e p o r t i n g  t e s t  r e s u l t s  these data a r e  u s u a l l y  c o l l a t e d  
and def ined as the  personnel subsystem t e s t  and e v a l u a t i o n  element. 

Technical p u b l i c a t i o n s  a r e  s p e c i f i e d  as a personnel subsystem 
element by a l l  re levant  manuals and regu la t ions ,  p r i m a r i l y  because of 
t h e  dependence o f  t h e i r  generat ion on human f a c t o r s  data. N e i t h e r  the 
cont rac tors  nor technica l  p u b l i c a t i o n  w r i t e r s ,  however, consider the 
e f f o r t  t o  be a pr imary human f a c t o r s  one. Th is  f a c t ,  however, does not  
prec lude i n c l u s i o n  o f  techn ica l  p u b l i c a t i o n s  requirements f o r  human 
f a c t o r s  data i n  a study o f  the  data base, 

The data base and i t s  r e l a t i o n  t o  these elements a r e  f u r t h e r  
descr ibed i n  f o l l o w i n g  sec t ions  which discuss the human f a c t o r s  network 
and data c l a s s i f i c a t i o n .  
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Rela t ions  between Personnel and Data 

It became obvious e a r l y  i n  the course o f  the  in te rv iews t h a t  
j o i n t  cons idera t ion  o f  p o s i t i o n  or rank i n  o rgan iza t iona l  h i e r a r c h i e s  
and the types o f  data generated and used would serve b e t t e r  t o  
d i f f e r e n t i a t e  generators and users than would educat ional  o r  ex- 
p e r i e n t i a l  f a c t o r s .  Non-managerial human f a c t o r s  personnel repor ted 
t h a t  they use as t h e i r  pr imary data sources handbooks (4 and 5), and 
raw data e i t h e r  from techn ica l  p u b l i c a t i o n s  o r  t h e i r  own experiments 
and task analyses. These data may be combined w i t h  o r  used t o  
supplement system-speci f ic  data, engineer ing drawings, and experimental 
r e s u l t s  f o r  the s o l u t i o n  o f  system-related problems. These r e s u l t s  
a r e  i n  t u r n  used by t h e  Department Heads i n  making design recommendations. 
Department Heads repor ted t h a t  such documents as the  Handbook o f  In- 
s t r u c t  ions fo r  Aerospace Personnel Subsystem Designers (HIAPSD) and 
Systems Management Ser ies a re  a l s o  used as pr imary data sources. 

- 

Personnel Subsystem Managers use d i r e c t i v e s ,  s p e c i f i c a t i o n s ,  and 
the products o f  t h e i r  subordinates'  e f f o r t s  i n  the prepara t ion  o f  r e p o r t s  
and o ther  documents which then may become data f o r  a p p l i c a t i o n  t o  sub- 
sequent ly developed systems. It can r e a d i l y  be seen then, w h i l e  the 
a c t i v i t i e s  o f  those interviewees who were r e l a t i v e l y  low i n  the orga- 
n i z a t i o n a l  h i e r a r c h i e s  invo lved both the  generat ion and use o f  human 
f a c t o r s  data, t h e  a c t i v i t i e s  o f  o rgan iza t iona l  managers and supervisors 
were v i r t u a l l y  e x c l u s i v e  o f  human f a c t o r s  data generat ion;  i .e.,  managers 
and supervisors a r e  p r i n c i p a l l y  users o f  human f a c t o r s  data. An analogous 
group--one composed o f  personnel who generated but  d i d  not  use human 
f a c t o r s  data--was no t  discovered. It appeared a l s o  t h a t  a decreasing 
p r o p o r t i o n  o f  human f a c t o r s  data generators was accompanied by an in- 
creas ing p r o p o r t i o n  o f  users as systems proceeded from the conceptual t o  
the opera t iona l  phase. 

A summary o f  the types o f  data sources and inputs  used by the  
respondents i s  presented i n  Table V I .  While no t  customar i ly  regarded 
by procur ing  a c t i v i t i e s  as data sources, m i l i t a r y  s p e c i f i c a t i o n s  were 
reported by a l l  Personnel Groups as compris ing t h e i r  most important 
data source o r  input .  Technical research repor ts ,  handbooks, and weapon 
system research repor ts  accounted f o r  51 per  cent o f  the  responses t o  
t h i s  item. 

Program Level Managers indicated r e l a t i v e l y  less  re1 iance on 
handbooks and more r e l i a n c e  on weapon system research repor ts  and data 
than d i d  the o ther  three Personnel Groups. 
on the  bas is  o f  the  research moni tor ing funct ions,  inc lud ing  the  f requent  
review o f  research repor ts ,  performed by Program Level Managers. 

Th is  i s  probably e x p l i c a b l e  

The forms o f  processing o f  in format ion which were used i n  generat ing 
new personnel subsystem products were sor ted i n t o  14 Response Categories. 



Table V I  

P r i n c i p a l  Data Sources 

M i l i t a r y  Specif icat ions 

Techn i ca 1 Resea rch 
Reports 

Handbooks 

Weapon Sys tern Resea rch 
Reports and Data 

Text books 

Data Abstracts and 
Bib1 iographies 

I n t e r n a l  Communication 

Procu rernen t 
Spec i f ica t ions  

P r i v a t e  Cornmun i c a t  ions 

0 ther (Psycholog i ca 1 
Jou rna 1 s)  

Tota 1 Responses 

X %  

13 33 

1 1  28 

2 5  

a 21 

1 3  

1 3  

2 5  

1 3  

39 

X %  

41 32 

15 12 

29 23 

13 10 

13 10 

8 6  

4 3  

3 2  

1 1  

127 

X %  

41 

38 

21 

22 

5 

9 

9 

4 

5 

27 

25 

14 

14 

3 

6 

6 

3 

3 

54 

X %  

40 26 

41 26 

26 17 

15 10 

10 6 

7 5  

10 6 

2 1  

5 3  

56 

X %  

35 

05 

78 

58 

29 

25 

25 

10 

IO 

1 

28 

22 

16 

12 

6 

5 

5 

2 

2 

0 

76 
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0 The r e s u l t s  o f  t h i s  s o r t i n g  a r e  presented i n  Table V I 1  where i t  can be 
seen t h a t  31 per  cent o f  the responses t o  t h i s  i tem were r e l a t e d  t o  task  
ana lys i s  and engineering, and t h a t  another 32 per cent o f  the responses 
r e l a t e d  t o  human engineer ing and procurement s p e c i f i c a t i o n s .  

A between-Personnel Group comparison o f  t he  Response Categories 
ranked f i r s t  i nd i ca ted  t h a t  there  e x i s t s  a r a t h e r  c lea r -cu t  d i v i s i o n  o f  
labor w i t h i n  A i r  Force and NASA systems: the Non-managerial Personnel 
a r e  p r i n c i p a l l y  involved in  task analyses, Department Heads i n  engineering, 
and Subsystem Managers in human engineering. 
responses o f  Program Level Managers r e l a t e d  t o  experimental studies,  these 
a l l  r e f e r r e d  t o  the review o f  the resul ts ,  ra the r  than the conduct, o f  
research. 

Although 25 per cent o f  the 

Response Categories i d e n t i c a l  t o  those used f o r  s o r t i n g  the re- 
sponses t o  the i tem which d e a l t  w i t h  forms o f  data process ing were used 
t o  s o r t  the respondents' con t r i bu t i ons  ( " p r i n c i p a l  outputs") t o  weapon 
system development. The p r i n c i p a l  outputs o f  the respondents a re  
presented i n  Table V I I I .  Here i t  can be seen tha t ,  o f  a l l  the responses 
t o  t h i s  question, 42 per cent were re la ted  t o  human engineer ing o r  task 
ana lys i s ,  and 26 per cent t o  management, t r a i n i n g ,  and t e s t i n g ,  

The responses t o  the quest ionnai re i tem regarding forms o f  data 
process ing ind ica ted  d i s t i n c t  d i f ferences between Personnel Groups i n  
t h e  ways i n  which they generated and used data. The respondents i n  each 
Personnel Group, however, ind ica ted  t h a t  about 24 pe'r cent o f  t h e i r  out- 
pu ts  were r e l a t e d  t o  human engineering. The second l a r g e s t  p o r t i o n  
(18 per  cent)  of t he  responses t o  t h i s  i tem r e l a t e d  t o  task analyses. 

Impact o f  Human Fac tors  Considerations upon Manaqement Decisions, 
Desiqn, Development, and Operat ion 

An o b j e c t i v e  eva lua t i on  o f  the impact o f  human f a c t o r s  data upon 
system design, development, operation, and r e l a t e d  managerial decis ions 
would requ i re  t h a t  these f a c t o r s  be t r e a t e d  as dependent va r iab les  upon 
which the e f f e c t s  o f  the i nc lus ion ,  as w e l l  as the exc lus ion ,  o f  human 
f a c t o r s  data could be observed. Since such an experiment i s  obviously 
impossible, less d i r e c t  a l t e r n a t i v e  methods were used f o r  assessing 
the degree t o  which cu r ren t  weapon and aerospace systems depend upon 
human f a c t o r s  data. 
however, requ i res  p r i o r  considerat ion o f  the cond i t i ons  which a f f e c t  t he  
irrr_!usinn nr exr!usinn in systems of human f a c t o r s  considerat ions.  

The use of  any method f o r  observ ing these e f f e c t s ,  

I t  was d i f f i c u l t  t o  determine whether the cons idera t ions  which 
governed the ex ten t  t o  which human f a c t o r s  were f o r m a l l y  viewed as a 
p a r t  o f  system design and planning, and consequently the demands f o r  
human fac to rs  task data, were fo r tu i t ous ,  t he  r e s u l t  o f  ca re fu l  plan- 
n ing  and an obvious requirement or need, o r  some combination o f  the two. 



Table V I 1  

Forms o f  Data Processing 

Q \ Response 
Category 

Task Analys is  

Engineering 

Human Eng i nee r i ng 

P rocu remen t 
Spec i f i ca t ions 

Experimental Studies 

Tes t ing  

Funct ion Ana 1 ys i s 

T r a i n i n g  

Mann i ng 

Miss ion Analys is  

M a i n t a i n a b i l i t y  

Re1 i a b i  1 i t y  

Technical  Pub1 i c a t i o n  

Persona 1 
Communication 

Tota 1 Responses 

X %  

4 17 

2 8  

1 4  

2 8  

6 25 

3 1 3  

3 13 

1 4  

2 8  

24 

' 3  

X %  

8 10 

9 12 

14 18 

6 8  

7 9  

8 10 

2 3  

8 10 

8 10 

4 s  

1 1  

2 3  

77 

18 

X %  

10 1 1  

l g  20 

9 10 

7 8  

10 1 1  

12 1 3  

7 8  

2 2  

6 7  

3 3  

3 3  

2 2  

3 3  

93 

X %  

24 

13 

8 

15 

7 

2 

3 

2 

2 

4 

2 

3 

7 

27 

1s 

9 

17 

8 

2 

3 

2 

2 

5 

2 

3 

r 3  

88 

X %  

46 16 

43 15 

32 1 1  

30 1 1  

30 1 1  

22 8 

1s 5 

1 3  5 

12 4 

1 1  4 

a 3  

7 3  

7 3  

6 2  

282 



Table VI I I 

Principal Outputs 

Human Eng i neer i ng 

Task Analyses 

System Management 

Training 

Testing 

Experimental Studies 

Func t ion Ana 1 yses 

Maintainability 

Mann i ng 

P rocu remen t 
Specifications 

Technical Manuals 

Mission Analysis 

Engineering 

Re1 iabi 1 i ty 

Total ResDonses 

X %  

6 21 

2 7  

4 14 

7 25 

2 7  

2 7  

7 

1 

28 

X %  

38 

36 

24 

14 

5 

12 

1 1  

7 

6 

8 

3 

2 

1 

1 

23 

21 

14 

8 

3 

7 

7 

4 

4 

5 

2 

1 

1 

1 

I68 

X %  

26 

15 

10 

10 

16 

5 

7 

9 

4 

4 

6 

1 

23 

13 

9 

9 

14 

4 

6 

8 

4 

4 

5 

1 

I13 

X X  

31 

23 

8 

10 

8 

3 

4 

4 

7 

1 

3 

1 

5 

4 

28 

21 

7 

9 

7 

3 

4 

4 

6 

1 

3 

1 

5 

4 

112 

X %  

101 

76 

46 

41 

31 

22 

22 

20 

19 

12 

10 

9 

6 

6 

24 

18 

1 1  

10 

7 

5 

5 

5 

5 

3 

2 

2 

1 

1 

t2 1 

19 



The data gathered du r ing  the  in te rv iews,  however, l e f t  l i t t l e  doubt 
t h a t  the f o l l o w i n g  f a c t o r s  were the p r i n c i p a l  determinants of the  
ex ten t  o f  human f a c t o r s  cons idera t ions  i n  the  system which were 
exam i ned : 

1. H i s t o r i c a l  development o f  departmental f unc t i ons  i n  a p l a n t .  
The development o f  l a rge  advanced systems was u s u a l l y  achieved by l a rge  
organ iza t ions  i n  cooperat ion w i t h  government agencies. I t  was w i t h  
less  frequency t h a t  advanced systems were developed w i t h i n  or  separate 
from government agencies. I n  the e a r l y  days o f  system development and 
when the necess i ty  f o r  the cons idera t ion  o f  human f a c t o r s  was i n i t i a l -  
l y  rea l i zed ,  s p e c i f i c  f unc t i ons  were assigned t o  a l ready  e x i s t i n g  sec- 
t i o n s  or departments. 
many d i f f e r e n t  areas, the r e s u l t  was the growth o f  severa l  human fac- 
t o r s  sect ions w i t h i n  the same p l a n t ,  a l though each may have had d i f -  
f e r e n t  missions and, there fore ,  d i f f e r e n t  data requirements. Th is  
type o f  development was seen as c h a r a c t e r i s t i c  o f  the o lde r  manufac- 
t u r e r s '  (e.g., Contractor  2)  organ iza t ions .  For example, World War I I 
a i r c r a f t  weapon systems requ i red  t h a t  con t rac to rs  p lace  techn ica l  
representat ives i n  the  f i e l d  i n  o rder  t o  accommodate maintenance t r a i n -  
ing, t roubleshoot ing,  and m o d i f i c a t i o n  implementation. Grea t l y  improved 
t r a i n i n g  and human engineer ing departments grew ou t  o f  t h i s  need. 

Since such cons idera t ions  had t o  be made i n  

2. Calendar t ime a t  the beqinninq o f  system development. Since 
the concepts o f  system p lann ing  and human f a c t o r s  a r e  r e l a t i v e l y  re- 
cent developments both i n  the m i l i t a r y  departments and t h e i r  supp l i -  
ers ,  the ru les  and procedures which govern operat ions a re  cons tan t l y  
being revised. A t  the t ime o f  the i ncep t ion  o f  System D, f o r  example, 
no formal personnel subsystem requirements ex is ted .  These were i n i t i a l -  
l y  se t  f o r t h  i n  (2) a t  about the t ime o f  the  i ncep t ion  of  System 
C, and rev ised a t  l e a s t  once be fore  System C became opera t iona l .  Such 
rev i s ions  requi red corresponding a l t e r a t i o n s  i n  the  opera t i ng  p lans  
f o r  System C. Frequent rev i s ions  a l s o  serve t o  augment the  i n te rp re -  
t i v e  l a t i t u d e  pe rm i t ted  by many e x i s t i n g  regu la t i ons  and s p e c i f i c a t i o n s .  
I n  l i g h t  of these cons idera t ions  the  r e s u l t a n t  d i f f e rences  between 
con t rac to rs  i n  emphasis o f  human f a c t o r s  cons idera t ions  a r e  no t  s u r p r i s i n g .  
Whereas Contractors  4, 5, and 2 had e labo ra te  computer systems f o r  
handl ing human f a c t o r s  data, Contractors  1 and 9 were l i t t l e  concerned 
w i t h  human f a c t o r s  considerat ions.  

3 .  Time pressures du r inq  system development. When systems a r e  
developed w i t h i n  the t ime c o n s t r a i n t s  imposed by "crash" programs, i t  
becomes impossible t o  w a i t  f o r  what i s  considered the  normal o r  usual 
sequence o f  events. The r e s u l t ,  as observed i n  System C, was t h a t  
system development took p lace  on a l l  f r o n t s  s imul taneously .  Whi le i t  i s  
e x p l i c i t l y  s ta ted ( 1 )  t h a t  such an approach i s  o f t e n  the most d e s i r a b l e  
one, concurrency of  e f f o r t  was sometimes seen as working a t  odds w i t h  
opt imal  system development, w i t h  increased, r a t h e r  than decreased, 
d u p l i c a t i o n  of e f f o r t  as the r e s u l t .  Representat ives from Cont rac tor  4 
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* a t t r i b u t e d  t h i s  p r i m a r i l y  t o  the  p a r a l l e l  development o f  problems which 
would have b e t t e r  been solved sequent ia l l y ,  thus making c o n t r o l l e d  data 
f l o w  d i f f i c u l t .  

The con t inua l  increase i n  the  complexi ty o f  human performance re- 
quirements i n  weapon systems has placed many new requirements upon man 
i n  the system. Rea l i z ing  t h i s ,  many system planners (e.g., Contractors  
4, 5, and 2) now emphasize h e a v i l y  the requirements f o r  human f a c t o r s  
task  data.  I n  a d d i t i o n  system planners and designers a r e  recogniz ing 
the  e f f i c a c y  o f  r e q u i r i n g  task data a t  an e a r l y  p o i n t  i n  weapon system 
development, and i t  appears t h a t  the  temporal c o n s t r a i n t s  imposed by 
crash programs have become an i n t e g r a l  p a r t  o f  the  usual opera t iona l  
mode. Heavy f i n a n c i a l  losses t o  Contractor 1 occurred as the  d i r e c t  
r e s u l t  o f  inadequate human f a c t o r s  considerat ions i n  the  development of  
System D. 

4. Contractual  requirements. When con t rac ts  a re  l e t ,  c o n f l  i c t i n g  
demands fo r  a v a i l a b l e  funds may determine the ex ten t  o f  human f a c t o r s  
cons idera t ions  f o r  a system. Such was the  case w i t h  Contractors  1 and 9, 
whose cons idera t ions  o f  human f a c t o r s  were l i m i t e d  t o  those aspects w i th -  
ou t  which the  system could no t  operate. I t was a l s o  discovered t h a t  i n  
System E funds had been so d r a s t i c a l l y  c u t  t h a t  development was proceeding 
on a very  l i m i t e d  basis,  and on ly  the  bare essen t ia l s  were being accomplished. 
The trend, however, i s  toward sys temat ica l l y  p rov id ing  f o r  the i n c l u s i o n  
o f  human f a c t o r s  cons idera t ions  i n  system development. 

5. K ind o f  system. The requirements f o r  data used i n  the develop- 
ment of ground based communications networks were c l e a r l y  d i f f e r e n t  f rom 
those used i n  a manned space f l i gh t  system. These, however, were seen as 
d i f f e rences  i n  emphasis ra the r  than in  types o f  data. The degrees of  
emphasis on r e l i a b i l i t y  and o p e r a b i l i t y ,  f o r  example, were g rea te r  f o r  
manned than f o r  unmanned systems; i n  unmanned systems more emphasis was 
accorded m a i n t a i n a b i l i t y .  

6. Phase of  system development. There occurs a s h i f t  i n  bo th  the 
k i n d  o f  data used and the degree o f  d e t a i l  requi red i n  the  progress ion 
from the  conceptual t o  the  opera t iona l  phase o f  a system. Dur ing the  
e a r l y  phases o f  system development, when hardware design was no t  ye t  f i r m ,  
broad and general types o f  task analyses were used t o  make p r e l i m i n a r y  
manning and t r a i n i n g  p red ic t i ons .  Later,  increased knowledge o f  hardware 
d e t a i l s  made poss ib le  more d e t a i l e d  task analyses f o r  use i n  the prepara t ion  
of t echn ica l  orders and t r a i n i n g  manuals. 

a 

7. Personnel c h a r a c t e r i s t i c s .  The ex ten t  ana the manner in which 
human f a c t o r s  were considered i n  the observed systems depended t o  a g rea ter  
ex ten t  than was o r i g i n a l l y  be l ieved upon the p e r s o n a l i t i e s  and id iosyn-  
c r a t i c  opera t iona l  s t y l e s  o f  the i nd i v idua ls  responsib le  f o r  such con- 
s ide ra t i ons .  For example, the  op in ion  was expressed by representa t ives  
o f  Contractors  2, 3 ,  and 5, s ince 'Idynamic'' human f a c t o r s  s p e c i a l i s t s  a re  
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w e l l  a b l e  to  present a case f o r  t h e i r  data, t h e i r  inputs  were more 
o f t e n  implemented than were those o f  the less  "dynamic" ones. . 

A d e s c r i p t i o n  of the  impact o f  human f a c t o r s  data upon management 
dec is ions and the design, development, and opera t ion  o f  systems requ i res  
the j o i n t  cons iderat ion o f  a l l  f o u r  o f  these f a c t o r s ,  s ince an e f f e c t  
on any one w i l l  u l t i m a t e l y  produce e f f e c t s  upon the  others.  
the design o f  systems depends u l t i m a t e l y  upon management dec is ions,  and 
opera t ion  serves e i t h e r  t o  conf i rm or i n f i r m  design and development 
dec is ions.  

For example, 

The m a j o r i t y  o f  the comments made by the  interviewees w i t h  regard 
t o  the impact of human f a c t o r s  considerat ions may be d i v i d e d  i n t o  two 
classes: those which f o r  var ious reasons r e f l e c t e d  a tendency t o  de- 
emphasize the importance o f  the r o l e  o f  human f a c t o r s  i n  the design, 
development and opera t ion  of systems; and those which expressed s a t i s -  
f a c t i o n  w i t h  having included human f a c t o r s  considerat ions e a r l y  i n  
system design. There were no comments expressing d i s s a t i s f a c t i o n  w i t h  
e a r l y  human f a c t o r s  considerat ions.  

Other Comments Reqardinq the  Impact o f  Human Factors  Considerat ions.  

Some comments were d i r e c t l y  r e l a t e d  t o  the  impact o f  human f a c t o r s  
data upon system design. Representatives from a government agency which 
had no separate human f a c t o r s  sec t ion  or department i d e n t i f i a b l e  as such, 
expressed s a t i s f a c t i o n  w i t h  human f a c t o r s  dec is ions made by t h e i r  design 
engineers. The phi losophy seemed t o  be t h a t  a good designer, a good 
operat ions analyst ,  a good techn ica l  w r i t e r ,  o r  a good t r a i n i n g  s p e c i a l i s t  
would by d e f i n i t i o n  be a good human f a c t o r s  s p e c i a l i s t  who would no t  
ignore important human f a c t o r s  considerat ions re levant  t o  the  accomplishment 
o f  h i s  mission. 
mized the  importance o f  human f a c t o r s  considerat ions;  indeed, they were 
a c u t e l y  ware o f  them. 
sources which were used were s i m i l a r  t o  those ind ica ted  by o ther  agencies 
and a l l  cont ractors .  

None o f  the  persons contacted a t  t h i s  i n s t a l l a t i o n  m i n i -  

T h e i r  i n d i c a t i o n s  o f  the  need f o r  data and data 

The comments of  representa t ives  o f  Contractors  2 and 3 were among 
those which r e f l e c t e d  s a t i s f a c t i o n  w i t h  human f a c t o r s  considerat ions e a r l y  
i n  the system design. Regarding the design o f  System C, 

E a r l y  determinat ion o f  requirements and the  use of computers 
i n  handl ing task a n a l y s i s  and m a i n t a i n a b i l i t y  a n a l y s i s  data 
has made p o s s i b l e  changes i n  the  design which q u i t e  l i k e l y  
could not have been made w i thout  the response c a p a b i l i t y  
[we] have i n  [our] data handl ing system. 

and 

The QQPRI and m a i n t a i n a b i l i t y  analyses a r e  being completed 
[ w i t h  the a i d  o f  computers] i n  t ime t o  be o f  value i n  the  
design phases o f  development. 
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* 
I 
I Rega r d  i ng the des 
, t h a t ,  

gn o f  System F-; representat ives o f  Contractor  5 s ta ted  

The importance o f  spec i f y ing  requirements f o r  human f a c t o r s ,  
e s p e c i a l l y  task  and f u n c t i o n  ana lys i s  by human f a c t o r s  
s p e c i a l i s t s ,  e a r l y  i n  development con t rac ts  becomes apparent 
here because of i nc iden ts  f o l l o w i n g  bo th  i n c l u s i o n  and 
exc lus ion  o f  such requirements. 

A comment which tended t o  de-emphasize the  importance o f  human 
f a c t o r s  cons idera t  ions was made by representa t ives  o f  Contractor  9 :  

Very l i t t l e  has been done i n  the way of human f a c t o r s .  The 
RFP d i d  n o t  con ta in  s p e c i f i c  human f a c t o r s  requirements from 
the A i r  Force; therefore,  a r b i t r a r y  dec is ions  had t o  be made 
i n  the  proposed design o f  the  system. 

Other comments made by representat ives o f  Contractor  9, however, re- 
f l e c t e d  the  e f f i c a c y  o f  e a r l y  human f a c t o r s  considerat ions:  

A study was i - n i t i a t e d  a f t e r  several  . . . crashes were t raced 
t o  p i l o t  having d i f f i c u l t y  recover ing from r o l l .  The f i n a l  
design incorporated more r o l l - u p  hor izons and changed 
l e t t e r i n g  t o  wh i te  on b lack.  

Some f u n c t i o n a l  and task analyses a r e  completed before there  
a re  p r e l i m i n a r y  drawings t o  work from. This  makes i t  poss ib le  
t o  i n f l uence  design before any t o o l i n g  even has taken place. 
The f e e l i n g  among human fac to rs  engineers a t  [Contractor 91  
i s  t h a t  t h i s  i s  no t  j u s t  the  best t ime f o r  cons idera t ion  o f  
human fac to rs ,  i t  i s  the o n l y  time. 

Without the s p e c i f i c a t i o n s  fo r  the human i n  the system i t  i s  
a d i f f i c u l t  j o b  t o  design the  hardware and i t  i s  d i f f i c u l t  
t o  eva lua te  the e f f e c t  o f  the design on the human. 

The b e n e f i c i a l  r e s u l t  o f  the study i n  the  design o f  the system 
was a considerable weight savings i n  the  cockp i t .  The computer 
was used o n l y  t o  process the da ta- - resu l ts  o f  psychologica l  
t e s t s  taken as measures of performance decrement. 

Regarding the  na ture  o f  human f a c t o r s  research as performed i n  the 

s t r i c t l y  c o n t r o l l e d  i t  o f t e n  a t  least  shows tha t  the design as proposed 
does no t  conf 1 i c t  w i t h  human performance." 

deslnn 3" nf Systpln! E ,  It "rzs fcllnd t h z t ,  "Whl!e the experiment may net_ he 

Another i n d i c a t i o n  o f  the  impact of human fac to rs  cons idera t ions  upon 
management dec is ions  was obta ined i n  comments which r e f l e c t e d  the import- 
ance t o  cont rac tors  and procur ing  a c t i v i t i e s  of r e t a i n i n g  c u r r e n t l y  
generated human f a c t o r s  data f o r  appl i c a t i o n  t o  f u t u r e  system design: 
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The stud ies done f o r  [System A ]  by the Human Engineer ing 
Lab. were a l l  repor ted i n  q u a r t e r l y  progress repo r t s  t o  
SPO whether in fo rmat ion  generated subsequently was re- 
f l e c t e d  i n  ac tua l  system development or no t  (Contractor  6). 

Al though there  a re  now no formal formats f o r  repo r t i ng ,  
s tudy r e s u l t s  w i l l  be w r i t t e n  as s p e c i f i c  repo r t s  on 
s p e c i f i c  s tud ies  (Government Agency 3 ) .  

The cont rac t  requirement f o r  complete system f u n c t i o n  
ana lys is  and experience gained on [System P] has made 
poss ib le  use o f  the Basic Concurrency Concepts i n  
deve 1 op 

The . . 
the  f i e  
and con 
t i nuous 

As much 

en t  of  [System H]  (Contractor  4). 

. t e s t  and eva lua t i on  data, be ing c o l l e c t e d  i n  
d on [System P] ever s ince  the  Category I I  stage 
inu ing  i n t o  the opera t iona l  phase, i s  used con- 
y t o  update [System H] (Cont rac tor  4). 

in fo rmat ion  as poss ib le  i s  needed from prev ious 
manned f I i g h t s  (Government Agency 3 ) .  

[Government Agency 3 1  d i d  a survey o f  s imu la to r  capabi 1 i t  ies  
i n  the U. S. i n  order  t o  be r e a l i s t i c  i n  p repar ing  requirements 
f o r  Phase 1'011 study cont rac ts .  

The prime purpose o f  the [System G ]  experiments w i l l  be t o  
acqu i re  and s to re  in format ion f o r  use by designers o f  f u t u r e  
sys tems (Gove rnmen t Agency 3 ) .  

Another i n d i c a t i o n  o f  the  impact o f  human f a c t o r s  e f f o r t s  on system 
development was t h a t  a l l  con t rac to rs  v i s i t e d  had some permanent p r o v i s i o n  
i n  t h e i r  corporate o rgan iza t ions  f o r ,  and supported as a mat te r  o f  company 
p o l i c y ,  a human f a c t o r s  o f f i c e  or sect ion.  Th is  was t r u e  even a t  in-  
s t a l l a t i o n s  where human f a c t o r s  e f f o r t s ,  i d e n t i f i e d  by regu la t i ons  and 
s p e c i f i c a t i o n s  as a personnel subsystem, were no t  a d i r e c t  con t rac tua l  
o b l i g a t i o n .  

The amounts o f  personnel and money a l l o c a t e d  by p rocu r ing  agencies 
and by cont rac tors  f o r  a c t i v i t i e s  which were e i t h e r  i d e n t i f i a b l e  as 
human f a c t o r s  a c t i v i t i e s  o r  which depended on human f a c t o r s  data served 
as another index o f  t h e i r  impact on system design, development, and 
opera t ion .  Although i t  was impossible t o  o b t a i n  p rec i se  est imates of  
these amounts, the interviewees who d i d  choose t o  es t imate  cos ts  in- 
d i ca ted  as minimal f i g u r e s  i n  the tens o f  m i l l i o n s  o f  d o l l a r s .  They 
i nd i ca ted  f u r t h e r  t h a t  t h i s  was t r u e  even i f  one considered o n l y  the 
d i r e c t  cos ts  o f  human engineer ing i n  des ign f o r  o p e r a b i l i t y  and main- 
tenance, and the  development of the redevant task analyses. 

The prepara t ion  o f  techn ica l  p u b l i c a t i o n s  depends h e a v i l y  on what 
has been i d e n t i f i e d  as task data o r  task  r e l a t e d  data.  Representat ives 
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o f  Contractors 2 and 4 ind ica ted  t h a t  t h e i r  technica l  pub1 i c a t i o n s  
sect ions employed more personnel and were more c o s t l y  t o  operate than 
many o f  t h e  major commercial pub l i sh ing  houses. Since regu la t ions  
r e q u i r e  more than one thousand separate publ ished documents per system, 
t h i s  i s  n o t  s u r p r i s i n g .  

Another i n d i c a t i o n  of the impact o f  human f a c t o r s  cons idera t ions  
was obta ined from representat ives of Contractor  5. There had, a t  the  
t ime o f  the  in terv iew,  been no contract  l e t  f o r  System F, which was 
i n  the conceptual phase. Seven t o  e i g h t  p e r  cent o f  the  employees were 
h i  red by t h e  c o n t r a c t o r  as "engineering psychologists,"  and were 
permanent s t a f f  members of  the Human Engineer ing/L i fe  Science ( H E A S )  
s e c t i o n  o f  the p l a n t .  Fur ther ,  since t h e  pay o f  these personnel genera l l y  
exceeded t h e  average f o r  the  weapon system employees, human f a c t o r s  
personnel were r e c e i v i n g  about 10 per cent o f  the t o t a l  budgetary a l l o c a -  
t i o n  f o r  wages. 

F i n a l l y ,  an i n d i c a t i o n  o f  the  impact o f  human f a c t o r s  data upon 
system design and development was obtained from the  observat ion t h a t  
many cont rac tors  had a l ready taken steps t o  a l l e v i a t e  the d i f f i c u l t i e s  
imposed by l a r g e  q u a n t i t i e s  of  human f a c t o r s  data by automated storage, 
r e t r i e v a l ,  and processing. For example, Contractors 3 and 5 were us ing 
computers f o r  the ana lys is  of t e s t  data, Contractor  2 f o r  system s imu la t ion ,  
Contractors  2 and 5 f o r  storage and p r i n t o u t  of PED data and forms, and 
Contractor  7 f o r  miss ion s imu la t ion  and f o r  checking the  accuracy o f  task 
analyses and a l l o c a t i o n .  
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SECTION I V  

HUMAN FACTORS DATA NETWORKS 

Data networks r e f e r  t o  t h a t  complex o f  data sources, generators, 
and users which, together w i t h  the methods o f  processing and t r a n s f e r ,  
and the  po in ts  of i n t e r a c t i o n  w i t h  system development, a r e  necessary 
t o  assure the proper i n t e g r a t i o n  o f  human f a c t o r s  data in  the devel- 
opment o f  a system. 

Networks vary (as one would suspect, and as we have confirmed by 
our surveys), between systems, w i t h  time, and t o  some ex ten t  according 
t o  the id iosyncras ies o f  manufacturers, agencies, and i n d i v i d u a l s .  
Di f ferences occur i n  methods of communication and d e l i v e r y  o f  data, amounts 
o f  data, and methods o f  storage. I n  the design o f  a system t h a t  i s  use- 
f u l  u n i v e r s a l l y ,  t h e  s i m i l a r i t i e s  a r e  more important. The s i m i l a r i t i e s  
prov ide the base for the design o f  a standard data handl ing system. 
sec t ion  describes a genera l ized network and i t s  par ts .  A l l  systems 
observed i n  our survey could operate w i t h i n  the  framework o f  the gener- 
a l i z e d  network descr ibed desp i te  any o f  the  d i f f e r e n c e s  mentioned above. 
This  presentat ion i s  based on the in tegra ted  f i n d i n g s  o f  the l i t e r a t u r e  
review, the interviews, and the quest ionnaires.  

Th is  

For d e s c r i p t i v e  purposes the major p a r t s  o f  a network w i l l  be re- 
fe r red  t o  as components. Seven major components a r e  requ i red  t o  descr ibe 
f u l l y  a general ized network. 
t i o n s h i p s  which ho ld  among them a r e  diagrammed i n  F i g u r e  1 .  Subdivis ions 
o f  the components are r e f e r r e d  t o  as elements. The components a r e  de- 
scr ibed i n  d e t a i l  i n  the  paragraphs t o  fo l low.  They a r e  seven i n  number 
and f o r  convenience they w i l l  be r e f e r r e d  t o  by use o f  .these names. 

These seven components and the gross re la -  

I .  Group I Data (a) 

2. Generators 

3.  Group I I  Data 

4, System Development Mi lestones 

5. Users 

6. End Items 

7. Group I Data (b) 

Group I Data (a) 

Group I data are  those which e x i s t  p r i o r  t o  the  ex is tence and/or 
independent of  any s p e c i f i c  system being developed. They inc lude t h a t  
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I Users I 

Sys tem Deve 1 opment 
Milestones 

I 
4 4 '  

End Group I 
Items Data 

(b) 
A 

1 ---------- 
D a t a  I 

Group I r----; Group I I I 
Data 

A 

- - -A  

Genera t o r s  

F igu re  1 .  Rela t ionsh ip  of data network components. Group I I  data a r e  
composed of two major sub-components, which a r e  enclosed by the  dashed l i n e .  

Forms - PSS Elements (a) 
I , 

body o f  data inc luded i n  handbooks; research repor ts ;  manuals of opera t ion  
and maintenance, and o ther  documents generated i n  the development o f  former 
systems; and p r i v a t e  data which e x i s t  " i n  the  heads" o f  engineers and o the r  
s p e c i a l i s t s  responsib le  f o r  system development. 

4 '  

I 

These data a re  the foundat ion upon which a l l  system-speci f ic  data a re  
based. Many data e x i s t  i n  t h i s  ' 'pool" bu t  o n l y  a small p a r t  o f  them a r e  
used f o r  any one system. The p r i n c i p a l  sources o f  these data a r e  as fo l l ow :  

Handbook Data 

These a r e  data found i n  reference works which summarize research 
f i nd ings  and which a re  re fe r red  t o  f requen t l y  by engineers working on the  
systems stud ied.  The ones used most f requen t l y  as ind ica ted  by both 
i n te rv iew  and ques t ionna i re  data inc lude (6, 7, 4, and 5). These works 
a re  important i n  t h a t  they are  re fe r red  t o  d i r e c t l y  and f requent ly .  In  
a d d i t i o n  they form a bas is  f o r  much "in-the-head" data as users become 
f a m i l i a r ,  through f requent  use, w i t h  data presented i n  them. 

Research Reports 

Reference i s  made about as f requen t l y  t o  t h i s  source o f  data as t o  
handbooks. According t o  interviewees the  p r o b a b i l i t y  of the use o f  t h i s  
SC?STCP depends !arge!y  nn the  persona! i n c l i n a t i o n s  and d i l i g e n c e  o f  the  
i n d i v i d u a l .  
one would have on ly  t o  make reference t o  research repo r t s  i n  o rder  t o  up- 
date o r  expand mate r ia l  found i n  the  handbooks. Research repor ts  r e f e r  
on l y  t o  publ ished research documents, i r r e s p e c t i v e  of pub l i she r  and/or 
d i s t r i b u t i o n .  Obviously, the a v a i l a b i l i t y  o f  such repor ts  va r ies  g rea t l y .  
The s h e l f  space requ i red  even f o r  those research repor ts  which a re  genera l l y  
a v a i l a b l e  i s  much grea ter  than t h a t  required f o r  handbook summaries. Several 

I f  handbooks as descr ibed above covered t h e i r  areas adequately, 
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o f  the manufacturers v i s i t e d  had ex tens ive  human f a c t o r s  l i b r a r i e s  which 
u s u a l l y  were associated w i t h  a complete techn ica l  l i b r a r y .  

Oata Generated f o r  Other Systems 

Many data generated i n  system development can be use fu l  i n  the 
p lann ing  and development o f  subsequent systems. This  group inc ludes some 
k inds  of  data (such as r e s u l t s  o f  exper imental  i nves t i ga t i ons  and emp i r i ca l  
observat ions o f  performance) which, i n  an e f f i c i e n t  system, should be in- 
c luded i n  a general data hand l ing  system. System managers a t  one o f  the 
con t rac to rs  (No. 3) v i s i t e d  were supp l ied  w i t h  l a rge  amounts o f  maintenance 
in fo rma t ion  c o l l e c t e d  i n  the  opera t ion  o f  o the r  systems. Personnel a t  
another cont rac tor  (No. 5)  ind ica ted  t h a t  access t o  QQPRI and mainta in-  
a b i l i t y  analyses developed f o r  a system a l ready  opera t iona l ,  would have 
been very usefu l  t o  them i n  the development o f  a cu r ren t  p r o j e c t .  They 
d i d  no t  know i f  such records e x i s t e d  bu t  suspected t h a t  they d id .  Access 
t o  these records i s  s u f f i c i e n t l y  d i f f i c u l t  t o  make them v i r t u a l l y  non- 
e x i s t e n t  f o r  a l l  bu t  a very l i m i t e d  number o f  human f a c t o r s  personnel. 
There i s  a general f e e l i n g  among personnel t h a t  there  i s  a g rea t  amount 
o f  data which must have been generated i n  the  course o f  development o f  
former systems which a r e  no t  genera l l y  ava i l ab le .  
o f t e n  they are i n  a form which requ i res  ex tens ive  processing so t h a t  i t  i s  
j u s t  as cheap t o  generate the  data again. 

When they a r e  ava i l ab le ,  

Requlat ions and Manuals 

Th is  group o f  p u b l i c a t i o n s  inc ludes documents prepared by government 
agencies and used f o r  the guidance o f  both government and con t rac to r  e f f o r t s  
i n  system development. They e s t a b l i s h  standards, supply bas ic  data, and 
p resc r ibe  procedures f o r  many a c t i v i t i e s  which occur i n  the  course o f  system 
development. These documents vary i n  s p e c i f i c i t y  o f  guidance prov ided and 
a l l o w  f o r  i n t e r p r e t a t i o n  o f  the contents.  Th is  i n  t u r n  accounts f o r  some 
d i f f e r e n c e s  i n  procedures a t  d i f f e r e n t  con t rac to rs '  p lan ts ,  though the  con- 
t r a c t o r s  may have been governed by the  same document. 

P r i v a t e  Data Sources 

P r i v a t e  data r e f e r  t o  in fo rmat ion  which i s  used i n  des ign and devel-  
opment and which i s  " i n  the  heads" o f  generators and users. 
serve as an i n d i c a t i o n  o f  the i n d i v i d u a l ' s  (or  manufacturer 's )  pas t  t r a i n i n g  
and experience which makes i t  poss ib le  f o r  him t o  do the j o b  assigned t o  
him. The content o f  these data covers the  range o f  data f rom o the r  sources 
and o f t e n  obviates the necess i ty  f o r  d i r e c t  r e f e r r a l  t o  o the r  sources. 

These data 

Another k i n d  o f  p r i v a t e  data takes the form of recorded in fo rma t ion  
c o l l e c t e d  or  noted by an i n d i v i d u a l  bu t  which has never been t ransmi t ted  
t o  anyone e lse  because o f  the time-consuming e f f o r t s  requ i red  f o r  pub l i ca-  
t i o n  o r  wide d i s t r i b u t i o n  of any k ind. 

The content o f  these data sources as used by human f a c t o r s  s p e c i a l i s t s  
can be d iv ided i n  14 general areas which represent the  i n fo rma t ion  c lasses 
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. 
i n  which human f a c t o r s  s p e c i a l i s t s  and the  users o f  human f a c t o r s  data 
are in terested.  In fo rmat ion  from any o f  these areas can be found i n  a l l  
of the forms j u s t  described. 
these areas o f  i n t e r e s t  and the  forms o f  data sources i s  presented i n  
F igure la .  
o f  the  genera l ized human f a c t o r s  network. The areas ind ica ted  a r e  a 
c o n s o l i d a t i o n  o f  chapter headings i n  handbooks, human f a c t o r s  department 
names, c l a s s i f i e r s  used i n  c l a s s i f i c a t i o n  systems i n  existence, and 
common areas o f  human f a c t o r s  in te res t .  A l l  data content observed i n  
the survey can be c l a s s i f i e d  i n  a t  leas t  one o f  these areas, I d e n t i f i c a t i o n  
o f  these general areas and a b r i e f  d e s c r i p t i o n  o f  the  content i n  each area 
fo l low.  

A more d e t a i l e d  schematic p resenta t ion  o f  

Th is  f i g u r e  r e l a t e s  t h e i r  data base t o  a l l  o ther  components 

1 .  Anthropometry. I n  t h i s  area t h e  pr imary i n t e r e s t  i s  i n  
dynamic and s t a t i c  measurements o f  the  human physique, 
w i t h  d e s c r i p t o r s  necessary to  i d e n t i f y  the populat ions 
t o  which repor ted measurements a r e  app l i cab le .  S t a t i c  
measurements have t o  do w i t h  the body a t  r e s t  i n  d i f f e r e n t  
p o s i t i o n s  w h i l e  dynamic measurements i n d i c a t e  c a p a b i l i t i e s  
o f  movement i n  terms of r o t a t i o n ,  f l e x i o n ,  extension, e tc . ,  
and c a p a b i l i t i e s  i n  terms of forces which can be app l ied  
under d i f f e r e n t  condi t ions.  

2. Environmental Parameters. This area includes those 
dimensions o f  the environment associated w i t h  the content  
o f  the atmosphere (gaseous, moisture),  i t s  phys ica l  
c h a r a c t e r i s t i c s  (temperature, pressure),  and the fo rces  
a c t i n g  on the  environment ( g r a v i t y ,  v i b r a t i o n ) ,  as w e l l  
as psychologica l  cond i t ions  p e c u l i a r  t o  the s i t u a t i o n  
(e.g., s t ress,  i s o l a t i o n ,  sensory depr iva t ion) .  

3. L i f e  Support. Th is  area i s  r e l a t e d  t o  the study o f  
var ious hazards t o  human performance i n  a s i t u a t i o n  and 
the  measures used t o  counter them, and the d e f i n i t i o n  o f  
c o n d i t i o n s  necessary t o  assure no t  o n l y  s u r v i v a l ,  but  
the  re1 i a b l e  performance o f  assigned funct ions.  

4. L o q i s t i c s .  Th is  area has to  do w i t h  the procurement, 
storage, d i s t r i b u t i o n ,  and use o f  suppl ies and equipment 
necessary t o  support the human i n  the  func t ions  assigned. 

5. Maintenance Desiqn. Th is  area includes a l l  the var iab les  
con;Idere:! i:! the  d e s i g n  nf a l l  equipment associated w i t h  
a system and which i s  re la ted  t o  the problem o f  ma in ta in ing  
the  opera t ion  o f  the system a t  an acceptable l e v e l  o f  
e f f i c i e n c y .  A few o f  these a r e  a c c e s s i b i l i t y  o f  components, 
design o f  covers and cases, weight o f  movable par ts ,  l o c a t i o n  
o f  check p o i n t s ,  and f a i l u r e  ra tes.  

6. Operat ional  Desiqn. This  area includes the var iab les  
r e l a t e d  t o  t h e  r e l i a b i l i t y  and e f f i c i e n c y  o f  the opera t ion  



o f  both pr imary and a n c i l l a r y  equipment$. The re levant  
aspects inc lude both gross and d e t a i l e d  cons idera t ion  
o f  c o n t r o l s  and instrument d isp lays.  

7. Performance Aids. Th is  area cons is ts  of the  v a r i a b l e s  
considered i n  the development of the var ious a i d s  used 
by t h e  human i n  f u l f i l l i n g  h i s  assigned func t ion .  I t  
includes the c h a r a c t e r i s t i c s  of  in fo rmat iona l  a ids  such 
as manuals, c h e c k l i s t s ,  i n s t r u c t i o n s ,  etc., and the 
physical  design o f  spec ia l  too ls .  

8. Personnel Equipment. Th is  area i s  concerned w i t h  t h e  
design and use o f  spec ia l  c l o t h i n g  (space s u i t s ) ,  sa fe ty  
devices (parachutes), and p r o t e c t i v e  equipment (personal 
armor) intended f o r  the use o f  a l l  types o f  personnel 
necessary t o  safe and e f f i c i e n t  system operat ion.  

9.  Personnel and Manninq. This  area i s  concerned w i t h  
a l l  the  k inds o f  in fo rmat ion  necessary t o  determine 
the numbers, types ( s k i  1 1  l e v e l s ,  t r a i n i n g  requi red) ,  
phys ica l  c h a r a c t e r i s t i c s ,  and a v a i l a b i l i t y  of  personnel 
necessary f o r  opera t ion  o f  a system. 

10. Pro f ic iency  Measurement. Th is  area has t o  do w i t h  the  
determinat ion o f  appropr ia te  measures and methods o f  
ob ta in ing  measures use fu l  i n  e v a l u a t i n g  the  e f f i c i e n c y  
or r e l i a b i l i t y  o f  the human i n  the  performance o f  h i s  
assigned funct ion.  

11. Task and Performance Descr ip t ion.  Included i n  t h i s  
area o f  i n t e r e s t  a r e  a1 1 those d e s c r i p t o r s  necessary 
t o  descr ibe i n  d e t a i l  the  necessary p r e r e q u i s i t e s  fo r  
the  performance o f  a task, the  task i t s e l f ,  and the 
consequences o f  performance o f  the  task. I t  must 
include both temporal and s p a t i a l  data as w e l l  as 
behavior descr ip to rs .  

12. Traininq. This area includes the classes o f  in fo rmat ion  
which a r e  r e l a t e d  t o  the  d e f i n i t i o n  o f  t r a i n i n g  programs 
and c u r r i c u l a ,  s p e c i f i c a t i o n  f o r  needed a ids,  t r a i n i n g  
locat ions,  t r a i n i n g  personnel, and c r i t e r i a  for  com- 
p l e t i o n  o f  t r a i n i n g .  

13. T ra in inq  Equipment and Aids. Th is  group o f  i n f o r m a t i o n  
includes t h a t  used i n  des ign ing and developing hardware 
and a n c i l l a r y  equipment used i n  t r a i n i n g .  
data re levant  t o  the e f fec t i veness  o f  t r a i n e r s ,  t r a i n i n g  
accessories, and t r a i n i n g  p a r t s .  

It indludes 

14. Workspace Layout. Th is  c l a s s  o f  data includes a l l  the  
var iab les considered i n  the  des ign of j o b  s t a t i o n s ,  
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TF 
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O f f  i c e  
C o n t r a c t  Nanadement Dist r ic t  
Deputy Director E n g i n e e r i n g  
Deauty 3 i r ec to r  Procurement  
and P r o d u c t i o n  
Deputy DirectorTest  and  
Development 
E n g i n e e r i n g  Change P r o p o s a l  
Human E n g i n e e r i n g  
Life S c i e n c e s  
Man po we r Author  i z a t i o n  
O p e r a t i o n a l  S u p p o r t  Require-  
ment 
Program C o n t r o l  D i v i s i o n  
Program Change P r o p o s a l  
Pensonnel  Subsystem 
Proposed System Package Plan  
P e r s o n n e l  Subsys tem T e s t  and 
E v a l u a t i o n  
P r e l i m i n a r y  T e c h n i c a l  Develop- 
ment P l a n  
Q u a l i t a t i v e  and Q u a n t i t a t i v e  
P e r s o n n e l  Requi rements  I n f o r -  
mat ion  
System D e f i n i t i o n  D i r e c t i v e  
System Manning a n d  Tra ined  
P e r s o n n e l  Requi rements  
S p e c i f i c  O p e r a t i o n a l  Require- 
ment 
System Program Director 
System Program Gffice 
System Package Program 
System S u p p o r t  Uanager  
T r a i n i n g  Concept  
T r a i n i n g  Equipment Develop- 
ment 
T r a i n i n g  Equipment P l a n n i n g  
I n f o r m a t i o n  
T r a i n i n g  F a c i l i t i e s  
T r a i n i n g  P l a n s  
T r a i n e d  P e r s o n n e l  Requirements  
Using Command 

F i g u r e  la. D e t a i l e d  ne twork  schemat ic .  
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T r a i n i n g  Network 

HE/LS Network 

P e r s o n n e l  Network ---- 

These n e t w o r k s  chosen  f o r  d iagram as 
b e i n g  most r e p r e s e n t a t i v e  and i n c l u s i v e .  

Note: 

I n  s y s t e m  m i l e s t o n e  area, flow is d i r e c t  
f rom t o p  t o  bot tom i n  end column o f  
e l e m e n t s  and  p r o c e e d i n g  t o  t o p  of  n e x t  
column. Ntlmbers a t  r i g h t  of e l e m e n t  
i n d i c a t e  f e e d b a c k  t o  numbered e l e m e n t .  
Numbers a t  l e f t  i n d i c a t e  s o u r c e  o f  
feedback .  

S u b s c r i p t s  i n d i c a t e  components: 

a. Group I Data ( a r e a s )  
b. Group I Data ( s o u m e s )  
C. 2nd Items 
6. Group I1 Data (Design)  
e. 
g. G e n e r a t o r s  
u. Users 

Group I1 Data ( P e r s o n n e l  Subsystem) 

No s u b s c r i p t s  i n d i c a t e  development  
m i l e s t o n e s .  
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e s p e c i a l l y  as regard the  use of  a v a i l a b l e  space, p r o v i s i o n  
o f  necessary supports, sh ie ld ing,  and t h e  coord ina t ion  
o f  workspace f o r  multi-man crews. 

Th is  Group I data base conta ins a l l  t h e  d i f f e r e n t  forms and l e v e l s  
of data and covers a l l  t h e  subject  matter areas w i t h  which human f a c t o r s  
i n  system development a r e  concerned. I t  i s  never f i x e d  i n  content;  ra ther ,  
i t  i s  cons tan t ly  i n  the  process o f  being rev ised and enlarged, no t  o n l y  
as new systems a r e  developed, but  as independent research both bas ic  and 
appl ied,  and experience i n  t r a i n i n g  personnel and opera t ing  systems supply 
new and b e t t e r  informat ion.  That t h e  Group I data pool  i s  d i f f e r e n t  a t  
the phase-out o f  any one system than i t  was be fore  the  ex is tence o f  t h e  
system i s  shown schemat ica l ly  i n  Figures 1 and l a  by the c e l l s  which rep- 
resent Group I data and which reappear a t  the r i g h t  s i d e  o f  the  f i g u r e .  

Elements i n  F i g u r e  l a  w i t h  subscr ip t  2 represent the data areas. 
Elements w i t h  s u b s c r i p t  a are  the  p r i n c i p a l  data sources as p r e v i o u s l y  
described. 
they are  j o i n e d  i n  t h e  f l o w  diagram t o  a l l  o f  t h e  diagrammed networks. 

Since these k inds o f  sources a r e  p r a c t i c a l l y  un iversa l  l y  used, 

Genera t o r s  

Generators of  human f a c t o r s  data a re  a l l  those i n d i v i d u a l s  who 
prov ide  any p a r t  o f  t h e  l a r g e  heterogeneous body o f  in fo rmat ion  sub- 
sequent ly i d e n t i f i e d  as human f a c t o r s  data i n  the  context  o f  system 
development. When a l l  data a r e  t raced t o  t h e i r  pr imary sources, the 
generator group must inc lude members of a l l  s c i e n t i f i c  and techn ica l  
d i s c i p l i n e s .  For the  purposes o f  t h i s  discussion, o n l y  those generators 
whose outputs  a re  concerned d i r e c t l y  w i t h  system development w i l l  be 
cons i de red. 

The pr imary specia l  t i e s  o f  i n d i v i d u a l s  (generators) contacted by 
d i r e c t  i n t e r v i e w  o r  by quest ionnai re ranged through engineer ing,  psychology, 
w r i t i n g ,  medicine, s t a t i s t i c s ,  admin is t ra t ion ,  computer programming, teaching, 
f l y i n g ,  and mechanics. A c h a r a c t e r i s t i c  of most i n d i v i d u a l s  contacted was 
competency i n  more than one f i e l d .  
o f  the f i e l d s  mentioned, the most f requent,  noted in  in te rv iews were, i n  
the order  mentioned, engineer ing and psychology, s t a t i s t i c s  and psychology, 
engineer ing and admin is t ra t ion ,  engineer ing and w r i t i n g ,  and psychology 
and w r i t i n g .  

Although there  were many combinations 

I n d i v i d u a l s  who generate data are a l s o  prime users o f  both Group I 
and Group I 1  data. Many o f  t h e i r  func t ions  a r e  i t e r a t i v e  and i n  p r a c t i c a l l y  
a!! C ~ S P S  there are i n t e r a c t  ions between generators. One generator 's  out- 
put  may become another 's  input, and two generators may work w i t h  the  same 
input  t o  produce d i f f e r e n t  outputs. 

Data generated w i t h i n  the  context  o f  system development a r e  seldom 
i d e n t i f i e d  as the output  o f  a s i n g l e  i n d i v i d u a l .  
associated w i t h  the e f f o r t s  o f  a sec t ion  i d e n t i f i a b l e  as a group o f  i n d i -  
v i d u a l s  w i t h  a s p e c i f i c  assigned funct ion.  The s p e c i f i c  name assigned t o  

More o f t e n  they a r e  
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such a group v a r i e s  f rom one cont rac tor  t o  another and from one government 
agency t o  another. The a c t i v i t i e s  can genera l ly  be recognized, however, 
as being a f u n c t i o n  o f  one o f  the groups found i n  t h e  c e l l s  i d e n t i f i e d  
as generators by the subscr ip t  9 i n  Figure la .  These groups include: 

Operators and Systems Analysts  

Des i gn Eng i neers 

M a i n t a i n a b i l i t y  Engineers 

Safety Engineers 

Engineer ing Psychologis ts  

L i f e  Science S p e c i a l i s t s  

Behavior and Performance Special i s t s  

Mathematics and Computer Methods S p e c i a l i s t s  

T r a i n i n g  Special i s t s  

Technical P u b l i c a t i o n s  S p e c i a l i s t s  

Group I I  Data 

Group I I  data a r e  those which a r e  generated w i t h i n  the development o f  a 
s p e c i f i c  system, and inc lude the  forms used i n  the development process and prod- 
uc ts  o f  t h e  personnel subystems elements. While the  content  o f  these data i s  o f  
the  same nature  as t h a t  i n  Group I data, t h e  form i n  which they a r e  t ransmi t ted  
from one a c t i v i t y  t o  another o r  i n  which they a r e  repor ted t o  management person- 
ne l  and t h e  users, i s  prescr ibed by regulat ions and s p e c i f i c a t i o n s  o f  government 
agencies and by es tab l  ished procedures o f  the  var ious manufacturers. 
s p i t e  a considerable v a r i e t y  o f  forms, the  s t r u c t u r e  o f  the data i s  such 
t h a t  a l l  o f  the  in fo rmat ion  can s t i l l  be categor ized i n  terms o f  d e s c r i p t o r s  
se lected from the  l i m i t e d  number of areas ind ica ted  i n  Group I data, s ince 
many k inds of  items a r e  common t o  many o f  the documents. F igure  1 ind ica tes  
the  general r e l a t i o n s h i p  of these data t o  the o v e r a l l  data network. Group 
I I  data, both gener ic  types o f  data forms used and c u r r e n t l y  s p e c i f i e d  
personnel subsystem elements, a re  d iagramed i n  F i g u r e  l a  and r e l a t e d  t o  
each o t h e r  and t o  o ther  components of the data network. The elements rep- 
resent ing gener ic  data forms are  i d e n t i f i e d  by s u b s c r i p t  cl, and standard 
personnel subsystem eiements by subscr ip t  5. 

De- 

System Development Mi lestones 

Th is  network component i s  a schematic representa t ion  o f  the steps i n  
system development presented i n  sequence as determined by the  t ime o f  t h e i r  
being i n i t i a t e d  i n  the development cycle. Some o f  the  c e l l s  represent con- 
c u r r e n t  a c t i v i t i e s  which, once s tar ted,  cont inue u n t i l  the system i s  phased 
out. 
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Many steps o r  mi lestones i n  system development have been i n t e n t i o n a l l y  
omi t ted  from t h i s  presentat ion.  Those included, however, have been se le lec ted  
f o r  t h e i r  relevance t o  the  human f a c t o r s  aspect o f  system development and 
represent po in ts  where human f a c t o r s  considerat ions a r e  introduced i n  the 
system o r  where i n t e r a c t i o n s  r e l a t e d  t o  human f a c t o r s  inputs  take place. 
The feedback loops w i t h i n  the mi lestones a r e  ind ica ted  by numbers which 
appear t o  the r i g h t  o f  some o f  the  c e l l s .  These numbers r e f e r  t o  c e l l s  
appear ing e a r l i e r  i n  the  sequence and t o  which t h e  c e l l s  feed informat ion.  
Numbers which appear t o  the l e f t  o f  a c e l l  i n d i c a t e  c e l l s  o ther  than the 
immediately preceeding one, which prov ide  important inpu ts  i n  the sequence. 
No subscr ip ts  a re  associated w i t h  these elements. 

Users 

The h ierarchy o f  users as presented i n  the network diagram inc  
th ree  l e v e l s  which can be c l e a r l y  d i f f e r e n t i a t e d  according t o  the k 
o f  f u n c t i o n  assigned i n  system development. The c e l l s  i n  the  space 
"users" include o n l y  t h e  h ighes t  l e v e l  and i n d i c a t e  people f o r  whom 
data, products, and the  r e s u l t s  o f  system development a re  prepared. 
managers a t  t h i s  l e v e l  seldom generate data except i n  the sense tha 
d i r e c t  t h e  t o t a l  e f f o r t  o f  a program o r  programs which r e s u l t  i n  the  
generat ion of data. 

- 
udes 
nd 
1 abe 1 ed 
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they 

A t  t h e  other end o f  t h e  scale a r e  those persons p r e v i o u s l y  i d e n t i f i e d  
as generators, and labeled as generators i n  the f i g u r e s ,  but  who are  pr ime 
users i n  tha t  a l l  o f  t h e i r  outputs  depend on use o f  data p r e v i o u s l y  extant .  
They work w i th  the bas ic  data a v a i l a b l e  a t  the s t a r t  o f  system development, 
and w i t h  those generated w i t h i n  the system as i t  develops, t o  p rov ide  
managers a t  a l l  l e v e l s  w i t h  the in fo rmat ion  they need. As was p r e v i o u s l y  
mentioned i n  t h e  d e s c r i p t i o n  o f  generators, there probably a re  no data 
generators who are  not  a l s o  users. 

The t h i r d  group i s  comprised o f  managers a t  t h e  in termediate l e v e l  
o f  the  hierarchy. I n  the  f i g u r e  they a r e  represented o n l y  by the  r e l a t e d  
system mi lestone c e l l s .  These persons a r e  responsib le  f o r  d i r e c t i o n  of 
generators and f o r  r e g u l a t i n g  the  f l o w  of data through the systems com- 
ponents and t o  the u l t i m a t e  users. Since they prepare repor ts ,  c o l l a t e ,  
condense, and evaluate data which guide the  making o f  dec is ions and sub- 
sequent generat ion of o t h e r  data, they can a l s o  be considered data gen- 
e r a t o r s .  User elements i n  the  diagram a r e  i d e n t i f i e d  by s u b s c r i p t  u. 

End Items 

The end items are  those items, the  ex is tence o f  which guarantees 
the  cont inued e f f i c i e n t  opera t ion  o f  a system once i t  has been acquired. 
These i tems are presented i n  F igures 1 and l a  as belonging t o  one o f  the  
f o l l o w i n g  f i v e  classes o f  items: 

1. Hardware. Th is  includes a l l  pr imary and a n c i l l a r y  
equipment which must be developed, and opera t ing  

34 



2. 

3. 

4. 

5 .  

equipment, t r a i n i n g  equipment, t o o l s ,  and spares, i n  
s u f f i c i e n t  q u a n t i t y  t o  keep the system opera t ing  a t  
the s p e c i f i e d  l e v e l .  

Personnel. These inc lude a l l  those persons necessary 
t o  operate and main ta in  t h e  system. 

F a c i l i t i e s .  These inc lude special  i n s t a l l a t i o n s  as 
a re  requ i red  f o r  ope ra t i on  of the system, such as 
associated b u i l d i n g s  o f  a l l  kinds, launching p la t fo rms  
o r  pads, and cranes, which are system-specif ic. 

Documents. These inc lude a l l  t h e  t r a i n i n g ,  maintenance, 
operat ion,  and i n s t a l l a t i o n  manuals, c h e c k l i s t s ,  in-  
s t r u c t i o n  sheets, t echn ica l  orders, and a l l  o the r  
p u b l i c a t i o n s  necessary f o r  the opera t ion  o f  the system. 

Opera t i on Reports. These a re the accumu 1 a t  i o n  o f  
repo r t s  o f  ope ra t i on  which, as they a re  developed, 
a re  used f o r  eva lua t i on  o f  performance, c o r r e c t i o n  o f  
d e f i c i e n c i e s ,  and recommendations f o r  changes i n  methods 
o f  t r a i n i n g  and opera t ion  t o  c o n t i n u a l l y  improve the 
system. 

The l a s t  two o f  these items a re  o f  prime importance i n  the data system 
as they prov ide  data which become pa r t  of a general s t o r e  and which can be 
useful  i n  design o f  f o l l o w i n g  systems. I n  p a r t i c u l a r  t he  group o f  opera- 
t i o n a l  repo r t s  i s  used from the  t i m e  opera t iona l  t e s t i n g  o f  the f i r s t  i tem 
o f  hardware begins, and provides the major feedback loop f o r  updating in-  
format ion sources and p r o v i d i n g  bases f o r  the eva lua t i on  o f  the personnel 
subsystem. These elements a re  i d e n t i f i e d  i n  the  f i g u r e  w i t h  the subsc r ip t  - C. 

Group I Data ( b l  

T h i s  group o f  data i s  the same as t h a t  described i n  Group I (a) and 
i s  shown t o  emphasize t h a t  any system developed can c o n t r i b u t e  t o  a 
general data s t o r e  which w i l l  be useful  t o  the developers o f  subsequent 
sys terns. 

The network as diagrammed and explained was a composite o f  the c o w  
ponents and elements c m o n  t o  networks examined. It was not  intended t o  
be a complete diagram of a p a r t i c u l a r  system. 
which best showed the i n t e r a c t i o n s  o f  human f a c t o r s  data w i t h  system 
development as a whole. 
used and t h e i r  meanings recognized by human f a c t o r s  s p e c i a l i s t s  throughout 
i n d u s t r i a l  and the government agencies. As presented, the diagram showed 
the  f o l l o w i n g  th ings  about human fac to rs  networks: 

Elements were selected 

A i r  Force terms were used, s ince  they a re  genera l l y  

1. The data generators a re  usua l ly  not  i d e n t i f i e d  as human 
f a c t o r s  s p e c i a l i s t s .  
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The inputs used by generators come from Group I data 
and are  supplemented by Group 1 1  data as development 
p rog res ses . 
Data generators recombine data from the  common base t o  
produce Group I I  or within-system data. 

The data generated a r e  requi red e a r l y  i n  system development. 

There a r e  continuous feedback loops i n  which data a re  
reprocessed throughout the i t e r a t i v e  design processes. 

D i f f e r e n t  users r e q u i r e  human f a c t o r s  data from d i f f e r e n t  
po in ts  i n  system development. 

The opera t iona l  system feeds back data f o r  purposes 
of  t e s t  and evaluat ion.  

An augmented common data pool e x i s t s  a t  the complet ion 
o f  a system development cycle.  

The l i n e s  on the  diagram represent the  d i r e c t i o n  o f  data f low. The 
th ree  d i f f e r e n t i a t e d  l i n e s  (see legend) i n d i c a t e  th ree  separate networks. 
One represents t h e  combined threads o f  human e n g i n e e r i n g / l i f e  sciences 

one represents personnel cons iderat ions,  and one represents the  
networks . e f f o r t s ,  

t r a i n i n g  

Wh i 
of  the f 

1 .  

2. 

3 -  

4. 

5 .  

6. 

7. 

e the l i n e s  represent data f low, they do not  i n d i c a t e  the na ture  
ow, The f o  lowing methods o f  t r a n s m i t t i n g  data e x i s t :  

Preparat ion o f  formal documents on request and transmission 
by i n t e r n a l  and p u b l i c  mai l  systems. 

Preparat ion o f  formal documents on standard schedule and 
transmission by i n t e r n a l  and p u b l i c  ma i l  systems. 

Accumulation o f  data by a c e n t r a l  o f f i c e  which r e d i s t r i b u t e s  
them on scheduled i n t e r v a l s  t o  the  next  user o f  the data. 

Accumulation o f  data by a c e n t r a l  o f f i c e  and r e d i s t r i b u t i o n  
on a c a l l e d - f o r  o r  as-needed basis.  

Phone c a l l s  o r  personal v i s i t s  between generators and sub- 
sequent users. 

Interchange o f  in fo rmat ion  between members o f  a design 
team working a t  adjacent desks. 

Requests by phone, ma i l ,  o r  d i r e c t  v i s i t  t o  l i b r a r i e s  
and es tab l i shed data sources. 
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8. 

9.  

10. 

11. 

Meetings of design teams a t  regu la r  i n t e r v a l s  o r  a t  a 
c a l l  t o  exchange data. 

Reference t o  standard documents which an i n d i v i d u a l  
keeps a t  hand. 

Required review of documents by human f a c t o r s  s p e c i a l i s t s  
t o  assure proper considerat ion o f  human f a c t o r s  (design 
s ign-o f f  requirement). 

Eva lua t ion  o f  document for  human f a c t o r s  cons idera t ion  
o n l y  when requested by engineer ing departments. 

Some o r  a l l  o f  these methods may be used i n  any system network. The 
c h i e f  d i f f e r e n c e s  between networks are the  d i f f e r e n t i a l  ways i n  which 
these methods a r e  used. The c e n t r a l i z e d  data s t o r e  methods s u f f e r  from 
delays r e s u l t i n g  from over load both i n  the q u a n t i t y  o f  data s tored and 
i n  the number of  demands made on them. The d i r e c t  contacts  between 
i n d i v i d u a l s  i n  an at tempt t o  speed communication lose  e f f i c i e n c y  i n  a 
l a r g e  system because o f  the  d i f f i c u l t y  i n  i d e n t i f y i n g  the  person o r  s e c t i o n  
who might  have the  data needed by an i n d i v i d u a l  o r  another s e c t i o n  a t  any 
p o i n t  i n  time. Many interviewees reported t h a t  there  were t imes when 
p r e v i o u s l y  generated data had been unavai lab le t o  them because they d i d  
no t  know whom t o  ask, and/or because the  t ime requi red t o  go through the 
channels through which data were normally obta ined was too  long. 

Some o f  these communications channels have been a t  l e a s t  p a r t i a l l y  
automated a t  several  o f  the  cont rac tors  v i s i t e d .  Two p l a n t s  v i s i t e d  
(Contractors  3 and 4) have c e n t r a l  ized computer s to res  o f  personnel 
equipment data. One o f  these "dumps" the  data a t  regu la r  i n t e r v a l s  f o r  
d i s t r i b u t i o n .  The o t h e r  prov ides summaries "on c a l l . "  Contractor  8 
mainta ins a semi-automated l i b r a r y  of techn ica l  documents. lnterviewees 
a t  these p l a n t s  f e l t  t h a t  the systems a r e  va luable bu t  that ,  a t  the  
present  t ime, the  maximum u t i l i t y  i s  no t  obtained from them. This  was 
u s u a l l y  a t t r i b u t e d  t o  lack  o f  soph is t i ca ted  p r o g r a m i n g  and delays i n  
e n t e r i n g  data. The ex is tence o f  these e f f o r t s  do, however, i n d i c a t e  a 
t rend toward the development of automated handl ing o f  human f a c t o r s  data. 
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SECTION V 

DATA CLASSIFICATION 

Although the uses made o f  human fac to rs  data a r e  var ied ,  as a r e  
the ways i n  which they a r e  organized f o r  use, the content  i s  q u i t e  
homogeneous as t o  c h a r a c t e r i s t i c s  o f  the items. Each i tem i s  r e l a t e d  
t o  c e r t a i n  k inds o f  behavior,  performance, and equipment o r  workspace. 
The items can, there fore ,  be descr ibed i n  terms o f  a l i m i t e d  number of 
va r iab les  together w i t h  t h e i r  associated measures. The c h i e f  d i f f e rences  
from i tem t o  i tem a r e  the p a r t i c u l a r  equipments considered i n  r e l a t i o n -  
sh ip  t o  the  human and the p a r t i c u l a r  va r iab les  considered i n  the r e l a t i o n -  
sh ip.  Aside from these d f ferences a re  those which e x i s t  i n  the form of 
the data and the l eve l  o f  d e t a i l  presented. An apparent d i f f e rence ,  
though n o t  a rea l  one, i s  t h a t  o f  q u a n t i t y  o f  items presented i n  any one 
document o r  form. Howeve , any document o r  form present ing  an accumula- 
t i o n  o f  a large number o f  items, can be d i v i d e d  i n t o  a se r ies  o f  separate 
items j u s t  as a l a rge  and complex m a t r i x  can be looked a t  c e l l  by c e l l  
t o  descr ibe i t s  content .  

A f i l e  system capable o f  accumulating a l l  human f a c t o r s  data must 
be capable of  s t o r i n g  data i n  a l l  t h e i r  var ious  forms, a t  any one of 
several  l eve l s  of d e t a i l ,  and i n  a way t h a t  they a r e  r e t r i e v a b l e  by 
reference t o  t h e i r  content .  Level o f  d e t a i l  can vary  from general s ta te -  
ments such as IIa th ree  man crew i s  requi red ' '  t o  a complete s p e c i f i c a t i o n  
o f  crew requirements i nc lud ing  amount o f  t r a i n i n g ,  age, weight,  exper ience, 
and o ther  q u a l i f y i n g  items. 

Form - 
The v a r i e t y  o f  forms which must be s to red  has imp l i ca t i ons  f o r  

computer storage methods and m a t e r i a l s  which a r e  o n l y  i n d i r e c t l y  r e l a t e d  
t o  c l a s s i f i c a t i o n  o f  the in format ion,  s ince the same in fo rmat ion  can be 
presented i n  d i f f e r e n t  ways. The form o f  p resen ta t i on  i s  p a r t l y  a f u n c t i o n  
o f  the uses t o  be made o f  the data, p a r t l y  o f  the personal  preferences of  
the  generator, and i n  some cases o f  the content .  A s torage system must 
be capable of s t o r i n g  data i n  any o f  the forms i n  which i t  occurs.  Table 
I X  names and descr ibes the forms o f  data. Very o f t e n  data appears i n  

a combination o f  one o r  more o f  the forms. 

Se lec t ion  o f  Cateqor ies 

The se lec t i on  o f  ca tegor ies  and subcategor ies i s  a c r i t i c a l  p a r t  
o f  the development o f  a c e n t r a l i z e d  data s to re .  I t  i s  important t h a t  
ca tegor ies  be used which a r e  appropr ia te  t o  the  content  o f  the  data and 
the uses made o f  them. A t  the  present t ime no un ive rsa l  method of  c las-  
s i f y i n g  a l l  human f a c t o r s  task,  performance, and r e l a t e d  data e x i s t s .  



s Table I X  

Form - 
Standard forms as re- 
q u i r e d  by regulat ions,  
e tc .  

N a r r a t i v e  r e p o r t s  

Engineer ing drawings 

I some t r i c d raw i ng s 

Schematic drawings 

Graphs 

Tables 

D i sc r e t e  i n f  o rma t i on 
u n i t s  w i t h  one v a r i a b l e  

D i s c r e t e  informat ion 
u n i t s  w i t h  more 
than one v a r i a b l e  

FORMS OF DATA 

C h a r a c t e r i s t i c s  

H i gh 1 y formatted 
in fo rmat ion  

Verbal d e s c r i p t i o n s  of 
s i t u a t i o n s  o r  requi re-  
ments or r e s u l t s  o f  study 

L ine  drawings showing 
scale p lans  o f  re levant  
equipment 

L ine  drawings showing 
re1 a t  i onsh i ps o f  p a r t s  
and/or ope r a t  o r s 

Formal ized diagrams 
showing f u n c t i o n a l  
r e l a t i o n s h i p s  o f  elements 
o f  systems and subsystems 

Bar o r  l i n e  graphs which 
present experimental 
r e s u l t s  

Large amounts o f  data, 
usua 1 1 y numer i ca 1, 
presented i n  c o l  umn 
or m a t r i x  f o r m  

Simple statements of 
f a c t  or d i r e c t  
r e  1 a t  i onsh i p  

Statements o f  f a c t  
r e l a t i n g  more than 
one v a r i a b l e  

Examp 1 es 

Task analyses, mainte- 
nance ana 1 yses, ma 1 f unc- 
t ion r e p o r t i n g  forms 

Some s p e c i f i c a t i o n s ,  
j o u r n a l  a r t i c l e s ,  o r a l  
communication 

Panel layout  plans 

Crew p o s i t i o n  diagrams, 
c o n t r o l  operat  ion 
p i c t o r i a l s  

Flow char ts ,  func t iona 
ana 1 yses 

Bar graphs showing 
manning requirements 
a t  var ious m i  1 i t a r y  
i n s t a l l a t i o n s  

Summarized r e s u l t s  
o f  inves t iga t ions ,  
math. t a b l e s  

Data e x t r a c t e d  
from t a b l e  o r  repor t  

Data e x t r a c t e d  from 
t a b l e  o r  r e p o r t  
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Formal and d e t a i l e d  c l a s s i f i c a t i o n  schemes e x i s t  o n l y  f o r  small  areas * 
o f  the f i e l d  and these are  not  u n i v e r s a l l y  recognized as being acceptable. 
Lovinger and Baker (8) present an anaTysis o f  the most f requent ly  used 
handbooks i n d i c a t i n g  s p e c i f i c  d e f i c i e n c i e s  o f  those handbooks and, by 
extension, d e f i c i e n c i e s  o f  c l a s s i f i c a t i o n  systems. The i r  a n a l y s i s  focuses 
on the same l i t e r a t u r e  i d e n t i f i e d  as t h a t  most f requent ly  used by the 
populat ion i n  our survey. 

I n  order t o  overcome the inadequacies o u t l i n e d  i n  (8) a data s t o r e  
should be organized i n  a way tha t :  

1.  Provides bas ic  and q u a n t i t a t i v e  data. 

2. Is cur ren t .  

3 .  I s  organized around human func t ions .  

4. I s  s p e c i f i c  t o  engineer ing design d e t a i l s .  

5. I s  a n a l y t i c a l .  

6. Provides technica l  accuracy and consistency. 

7. Uses a standardized terminology. 

I n  view o f  these c r i t i c i s m s  and conclusions i t  would be presumptuous 
t o  t r y  t o  develop a d e t a i l e d  c l a s s i f i c a t i o n  scheme f o r  a data bank as a 
p a r t  o f  t h i s  presentat ion.  This  i s  e s p e c i a l l y  t r u e  s ince the development 
of such a l i s t  would necessar i l y  depend on ex tan t  schemes which have been 
found t o  be inadequate. A c l a s s i f i c a t i o n  scheme which would meet t h e  
requirements suggested (8) should be developed i n  c o n s u l t a t i o n  w i t h  
boards o f  experts i n  each o f  the areas i d e n t i f i e d  as being i n  the human 
f a c t o r s  domain and who have had exper ience app ly ing  data i n  a system 
context .  Once a bas ic  c l a s s i f i c a t i o n  scheme has been developed and pu t  
i n  use i n  an automated data bank, a program could be developed f o r  
automat ic ref inement and updat ing o f  the system. 

Data, i n  a d d i t i o n  t o  being c l a s s i f i e d  accordlng t o  content,  must 
be associated w i t h  in fo rmat ion  which r e l a t e s  them t o  t h e i r  source o r  
o r i g i n ,  s p e c i f i c  hardware and/or s i t u a t i o n ,  and t h e i r  i d e n t i f i c a t i o n  as 
p a r t  o f  a s p e c i f i c  body o f  data r e l a t e d  t o  a s p e c i f i c  document. I n  
a d d i t i o n  they must be c l a s s i f i e d  t o  i n d i c a t e  s e c u r i t y  o r  p r o p r i e t a r y  
r e s t r i c t  ions. 

When the data a r e  associated w i t h  opera tor  tasks they must a l s o  be 
associated w i t h  re levant  t ime measures which i n d i c a t e  both d u r a t i o n  and 
order  o f  the task t o  f a c i l i t a t e  s tud ies  o f  t ime/operator-shared tasks 
and mission s imulat ions.  

Wi th in  the l i m i t a t i o n s  iiiiposed and i n  view o f  the requirements f o r  
a c l a s s i f i c a t i o n  as j u s t  discussed, the f o l l o w i n g  suggested ca tegor ies  
have been developed from a c o l l e c t i o n  o f  task d e s c r i p t i o n  formats and 
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. data c l a s s i f i c a t i o n  systems i n  cur ren t  use. To become p a r t  o f  a use fu l  
s tore,  data must be c l a s s i f i e d  according t o  a l l  the appropr ia te  categor ies 
i n  t h i s  l i s t  and s tored i n  a way t h a t  r e t r i e v a l  by s i n g l e  categor ies and 
se lected combinations o f  categor ies where i n t e r a c t i o n s  a r e  important i s  
poss ib le .  
f l e x i b l e  and usefu l  data bank. 

Such a system can c o n s t i t u t e  the  bas is  f o r  development o f  a 

Recommended Cateqories 

The k inds  o f  categor ies requ i red  t o  c l a s s i f y  data can be d i v i d e d  
i n t o  the  f o l l o w i n g  groups: hardware i d e n t i f i e r s ,  f u n c t i o n  i d e n t i f i e r s ,  
data o r i g i n  i d e n t i f i e r s ,  task data (behavior personnel),  task data (de- 
s c r i p t o r s ) ,  and associated human f a c t o r s  areas. 

Group I Hardware l d e n t i f  i e r s  

The f i r s t  group o f  these categor ies serves t o  r e l a t e  the  s to red  data 
t o  hardware. Th is  in format ion i s  no t  human f a c t o r s  s p e c i f i c ,  bu t  serves 
t o  i d e n t i f y  p a r t i c u l a r  equipment for which data are generated. C l a s s i f y i n g  
and s t o r i n g  data i n  t h i s  way makes poss ib le  the comparison o f  se lected 
areas across systems. Prov is ion  should be made f o r  the small  p a r t s  o f  
equipment. I d e n t i f i c a t i o n  should be poss ib le  by gener ic name, s p e c i f i c  
name, and p a r t  number. 

Required C l a s s i f i e r s  Group I 

1. System, gener ic name, s p e c i f i c  name, number 

2. Subsystem, gener ic  name, s p e c i f i c  name, number 

3.  Assembly-component gener ic  name, s p e c i f i c  name, number 

4. Subassembly-subcomponent, generic name, s p e c i f i c  name, number 

5. Par t ,  gener ic name, s p e c i f i c  name, number 

Group I I  Funct ion I d e n t i f i e r s  

Funct ion i d e n t i f i e r s ,  which form t h e  second group o f  categor ies a r e  
important s ince the  same task assignment may r e s u l t  i n  d i f f e r e n t  per- 
formance when c a r r i e d  ou t  i n  d i f f e r e n t  opera t iona l  contexts.  Since miss ion 
des ignat ion  can cover a ser ies  o f  a c t i v i t i e s ,  i t  i s  necessary t o  i d e n t i f y  
small sec t ions  o f  a t o t a l  mission. 

Required C l a s s i f i e r s  Group I I  . 
6. Mission 

7. Phase 

8. Phase segment 
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9. Manuever - Assignment 

IO. Funct ion 

Group 1 1 1  Oata Or iq in  C l a s s i f i e r s  

The t h i r d  group of  categor ies a re  those which have t o  do w i t h  the 
o r i g i n  and c l a s s i f i c a t i o n  o f  the data and i s  n o t  d i r e c t l y  r e l a t e d  t o  the 
data content. Th is  group includes c l a s s i f i e r s  which r e l a t e  associated 
s to red  items as, f o r  example, the subtasks d e s c r i p t i o n s  o f  a task or a 
sequence o f  r e l a t e d  events. It a l s o  includes p r o v i s i o n  f o r  i n d i c a t i n g  
t h e  r e s t r i c t i o n s  placed on d isseminat ion o f  the s tored data. 

Required C l a s s i f i e r s  Group 1 1  I 

1 1 .  En t ry  date 

12. Date generated 

13. Author 

14. Document name 

15. Document source 

16. Document c l a s s i f i c a t i o n  

17. Revis ion number 

18. Data l i n e  number 

19. Locat ion ( i n  data bank) o r  referenced documents 

20. Associated data e n t r i e s  

21. System development phase 

Group I V  Personnel I d e n t i f i e r s  

The f o u r t h  group includes c l a s s i f i e r s  necessary t o  descr ibe t h e  
personnel performing a p a r t i c u l a r  task descr ibed i n  the data f i l e  e n t r y .  
Personnel v a r i a b l e s  o ther  than l i s t e d  here should be placed i n  t h e  l a s t  
group o f  categor ies t o  be described. P r o v i s i o n  f o r  an i n d i v i d u a l ' s  name 
i s  a l s o  included, s ince i n  space systems i t  i s  poss ib le  t h a t  o n l y  a very 
few i n d i v i d u a l s  w i l l  be t r a i n e d  and responsib le  f o r  per forming a c e r t a i n  
task.  

Required C l a s s i f i e r s  Group I V  

22. Job t i t l e  

23. AFSC (or s p e c i a l t y  number o r  code) 
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* 
24. Associates required ( i f  task is dependent on more than 

one person) 

25. Special training required (for behaviors beyond level of 
or not provided for in AFSC) 

26. Name of individual 

Group V Task Description ldentif iers (Behavior) 

The fifth group included those items which make up a traditional 
task description. It includes classifiers which relate the behavior to 
parts acted on or with, as well as duration and sequence indicators. 
Indication of the level of detail of stored data should be related to 
this group of identifiers. Indication of level can be made by identifying 
the entry as a job, task, sub-task, or task element. This should be tied 
di rectly to the task verb. 

Required Classifiers Group V 

27. Task (verb-level) 

28. Task (object) 

29. Time to perform 

30. Time relative to zero point in sequence 

31. Sequence number 

32. F req uency 

33. Re1 iabi 1 i ty 

34. Criticality 

35. Un i quenes s 

36. Tools and aids required 

37. Initiation indicator 

38. Completion indicator 

Group V I  Human Factors Variables 

The final group of identifiers includes those areas of information 
which provide the basic data related to tasks and in which human factors 
specialists are interested. From these categories also are derived data 
for application to specific problems. New data are contributed to these 
categories as a result of human factors specialists' efforts. The 
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subcategories of these major ca tegor ies  c o n s t i t u t e  the many va r iab les  
r e l a t e d  t o  human fac to rs  task  data. I n  most cases mention o f  a v a r i a b l e  
must be associated w i t h  a measure. I t  can be seen t h a t  w i t h i n  these 
areas o f  in format ion there can be va r iab les  i n  one area d i r e c t l y  r e l a t e d  
t o  var iab les  i n  another area. A s torage system should be a b l e  t o  i n d i c a t e  
these re la t i onsh ips  when they e x i s t .  Development o f  the c l a s s i f i c a t i o n  
o f  these var iab les  together w i t h  associated re levant  measures should be 
accomplished, as has been p rev ious l y  mentioned, i n  c lose  consu l ta t i ons  
w i t h  exper ts  i n t i m a t e l y  f a m i l i a r  w i t h  the subject  mat te r  and who a r e  
experienced i n  app ly ing  the data t o  system development. 

# 

Requ i red C 1  ass i f i e r s  Group V I  

39. Anthropometry 

40. Environmental parameters 

41. L i f e  support 

42. L o g i s t i c s  

43. Maintenance design 

44. O p e r a b i l i t y  design 

45. Performance a ids  

46. Personnel equipment 

47. Pe rsonne 1 

48. P ro f i c iency  measurement 

49. Tra in ing  

50. Tra in ing  equipment and a ids  

51. Workspace layout  

C l a s s i f i c a t i o n  and Storaqe Procedures 

I n  order t o  be amenable t o  s t o r i n g  -- t h a t  i s ,  t h a t  the task  of  
p repar ing  data f o r  e n t r y  i n  a storage system i s  no t  so formidable as t o  
discourage use o f  the system -- some gu ide l i nes  f o r  c l a s s i f y i n g  data by 
areas o f  in format ion contained and the l eve l  o f  d e t a i l  app rop r ia te  must 
be provided. The suggestions which f o l l o w  a r e  approp r ia te  t o  whatever 
f i n a l  form any storage system might  take. 
must be made a re  presented schemat ica l ly  i n  F igu re  2. 

The se r ies  o f  dec is ions  which 

The f i r s t  dec is ion  which must be made by a user who has the oppor- 
t u n i t y  or  assignment t o  s to re  data i s  t ha t  o f  dec id ing  whether o r  no t  the 
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Representative Criteria for Decisions 
Regarding Storing and Formatting 

Data 

-1 
I 
I 
I 
I 
I 
I 

I 
I 
I I I----- ------- 

I---- -------- 
I .  Data useability--data are already I 

I 2 .  Data reduceability-- data cannot I 
I 

I 

- - - - - -___-  
A. Criteria for storing data 

I' r 
I 
I -------- 1 

Observe 
Oa ta 

1. Contractual considerations-- 
data required by contract 
should be stored. 

and relevance--data should be 
complete, accurate, and re- 
levant t o  system development. 

3 .  Data redundancy--data should be 
stored which have not been 
stored elsewhere o r  which are not 
earmarked for storage in another I form or location. 

I 4. Data meaningfulness--data should 

2 .  Data completeness, accuracy, 

I -1 

11 

---- 
Assign Primary 
Identifiers 

be meaningful, and not require 
other, not- ye t-gene ra ted data 
in order to be meaningful. 

------ 
I 1  

8. Criteria for not formatting data 1 
formatted in their most useable I I form. 

Assign second 
level identifiers 

---- be reduced to a lower level. 
Further reduction of  the data 
would distort the content. 

Ne 3 .  Data representation--data are 
presented pictorially. 

I 

Assign third 
level identifiers 

I-- 

I 

Assign nth 
level identifiers 

Consider 
interactions 

Figure  2. C l a s s i f i c a t i o n  decision diagram. 



data he considers should, i n  f a c t ,  be stored. Reference t o  the  f i g u r e  
w i l l  show the c r i t e r i a  f o r  making t h i s  dec i s ion  (Sect ion 2 i n  F igure  2) .  

I 

I f  the dec is ion  i s  made t o  s t o r e  the data the  nex t  s tep  i s  t o  
decide whether or not  the data should be s to red  i n  t h e i r  e x i s t i n g  form or  
whether they should be formatted. I f  they a r e  t o  be s to red  i n  t h e i r  ex- 
i s t i n g  form they must be tagged w i t h  f i r s t  l e v e l  i d e n t i f i e r s  f o r  each of 
the  requ i red  categor ies.  A suggested form f o r  p resent ing  these iden- 
t i f i e r s  t o  the coder ( fo r  any storage system) i s  presented i n  F igure  3 .  

I f  the  data requ i re  f u r t h e r  fo rmat t ing ,  tagging desc r ip to rs  must 
be se lec ted  from second l e v e l  desc r ip to rs  f o r  each o f  the human f a c t o r s  
areas l i s t e d .  A sample l i s t  o f  second order  d e s c r i p t o r s  f o r  the t r a i n i n g  
area i s  presented i n  Table X. As shown i n  F igu re  2 t h i s  process i s  
i t e r a t i v e .  It can be c a r r i e d  ou t  t o  the number o f  l e v e l s  of subcategor ies 
which experts i n  each f i e l d  i n d i c a t e  a r e  requi red.  

The f i n a l  dec is ion  t o  be made concerns i n t e r a c t i o n s  among va r iab les  
in  the  human f a c t o r s  areas. The process i s  presented schemat ica l ly  i n  
c e l l s  10, 1 1 ,  12 o f  F igu re  2. A form suggested f o r  i n d i c a t i n g  i n t e r -  
a c t i o n s  t o  the data coder i s  presented i n  F igu re  4. 

The exact nature o f  coding forms must be determined i n  con junc t ion  
w i t h  hardened design o f  a data hand l ing  system inc lud ing  both the hard- 
ware and software associated w i t h  such a system. 
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Leve 1 

1 . 1 . 1  System 
1.1.2 Subsystem 
I .  1 . 3  Assembl y-component 
I .  1..4 Subassembly-subcomponent 
1.1.5 Par t  

1 .  System Relevance 

1.1 Hardware 

Designat ion 
Generic S p e c i f i c  

1.2 

C h a r a c t e r i s t i c  1 Designat ion 
Generic I S p e c i f i c  

- _  
1.2.1 Miss ion 
1.2.2 Phase 
1.2.3 Phase segment 
1 .2.4 
1.2.5 Funct ion  

Manewe r-ass i gnmen t 

I I I 
2. Reference Data 

2.1 T i t l e  
2.2 Author 
2.3 Source 
2.4  Secur i ty  Class 
2.5 Locat ion  ( i n  Data Store) 

3. Type of Human Factors  Data 

Area 

3.1 Anthropometry 
3.2 Environmental Parameters 
3.3 L i f e  Support 
3.4 L o g i s t i c s  
3.5 Maintenance Design 
3.6 Operat ional  Design 
3.7  Performance Aids 
3.8 Personal Equipment 
3.9 Personnel 
3.10 P r o f i c i e n c y  Measurement 
3.11 Task and Performance 

Descr i p t  ion  
3.11.1 Task 
3.11.2 Performance 

3.12 T r a i n i n g  
3.13 T r a i n i n g  Equipment and Aids 
3.14 Workplace Layout 

2.6  E d i t i o n  
2.7 Generator 
2 . 8  Developmental Phase 
2.9 Ent ry  Data 

Document Name 
Associated E n t r i e s  
Date Generated 

1 ForT 

Figure 3. Classification form. 
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Table X 
Classification Categories . 

Tra i n ing  

T r a i n i n g  Object ives 
General ob jec t ives  
Spec i f i c  ob jec t i ves  

Operat ions 
Dut i es 
Tasks 
S k i l l s  
Knowledges 
A t  t i tudes 

Tra i nee Pe rsonne 1 
Job spec ia l t y  code 
Job spec ia l t y  d e s c r i p t i o n  

Job spec ia l t y  code 
Job spec ia l t y  d e s c r i p t i o n  

Se lec t i on  Const ra in ts  
Apt i tudes  

Teach i ng Personnel 

Phys i ca 1 
Coord i na t i on 
Visual 
Aud i t o r y  
Bodi 1 y requi  rements 

I .Q. 
Mat henia t i cs 
Mechan i ca I 
C 1 er i ca 1 
E lec t ron i cs  

Aggressiveness 
F 1 uency o f  speech 
Social po ise 

Stabi 1 i t y  
Persona l i t y  Test Scores 

Pre-requis i  t e  t r a i n i n g  requirements 

Mental 

Socia l  

Emo t i ona 1 

In t roduc tory  t r a i n i n g  schools 
Specia l ized t r a i n i n g  schools 
In t roduc tory  t r a i n i n g  courses 
Specia l ized t r a i n i n g  courses 

Ski 1 1  requirements 
Experience 

Type 
Time 

Job Task Analysis (JTA) 
Curr icu lum Development 

Knowledge requirements 
Ski 1 1  requirements 
Construct ion of the t r a i n i n g  program 

Programming o f  i n s t r u c t i o n  
Prac t ice  ma te r ia l s  

Personnel Evaluation 
C r i t e r i o n  of p r o f i c i e n c y  
Tests 

kch i evemen t 
Job pro f  i c i ency 

Tra i n  
T r a  

S 

ng Equipment and Aids 
ners 
mulator  

T ra in ing  device 
T r a i n i n g  a i d  
T ra in ing  'attachment 

T ra in ing  accessory 
T ra in ing  p a r t  

Transfer  of t r a i n i n g  
P roy ramni i ng 
Feedback 

Learn ing F a c i l i t a t i n g  Features 

I n s t r u c t o r  prov ided 
Tra i nee' p rov i ded 
Au t oma t i c 
Supervisor prov ided 

Task completion 
Provided 
I nd i ca ted 

In fo rmat ion  d 
Mo t i va t i on  

Faci  I i t  ies  Requ 
Desc r ip t i on  
Envi ronmental 

Equ i pmen t 
T r a i n i n s  Time 

s t  r i but  ion  

red 

parameters 

- 
Tota l  t r a i n i n g  
Week1 y 
D a i l y  

Admi n i s t r a  t i ve Requ i rements 
Personnel 
Equ i pmen t 
Suppl i es  

F a c i l i t i e s  
Teacher Personnel 
Trainee Personnel 
Equ i pment 
Suppl i es  
T r a i n i n g  Equipment and Aids 

Loca t i on 

cos t  

Types of Tra in ing  

Fac tory  
ATC res iden t  
U n i t  
Mobi le  
On-the-Job (OJT) 
F i e l d  
A rea 

M i  1 i t a r y  
Techn i ca 1 
Spec i a 1 

Pe r sonne 1 
Recru i t 
General L i n e  
M i  1 i t a r y  Assistance 

Sub j ec t ma t t e r 
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I , 

R e l a t i o n s h i p s  Among Human Fac to rs  Areas 

IO P r o f i c i e n c y  

1 1  Task and Performance 
D e s c r i p t i o n  

12 T r a i n i n g  

1 3  T r a i n i n g  Equipment 
and A ids  

14 Workplace Layout 

a. E n t r y  above d iagonal  i n d i c a t e s  column v a r i a b l e  was independent, row v a r i a b l e  

dependent. 

b. E n t r y  below d iagonal  i n d i c a t e s  column v a r i a b l e  was dependent, row v a r i a b l e  

i ndependen t . 
E n t r y  i n  analogous c e l l s  bo th  above and below d iagonal  i n d i c a t e s  no cause- 

e f f e c t  r e l a t i o n s h i p  or r e l a t i o n s h i p  i n  b o t h  d i r e c t i o n s .  

c. 

Figure 4. Interactions form. 
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SECTION V I  

AUTOMATED HUMAN FACTORS TASK DATA HANDLING 

The l a s t  s i x  ques t ionna i re  items ( c f .  Appendix 1 1 1 )  y i e l d e d  in- 
format ion r e l a t e d  t o  cur ren t  and p o t e n t i a l  uses o f  computers i n  t h e  
handl ing o f  human f a c t o r s  data. These data and r e l a t e d  in format ion 
gathered dur ing the  in te rv iews provided a bas is  f o r  recommending 
c h a r a c t e r i s t i c s  o f  an automated human f a c t o r s  data handl ing system 
which were perceived by the respondents and the  interviewees as 
necessary and/or des i rab le.  

Current Computer Uses and Human Factors  Task Data R e t r i e v a l  Time 

The current  and p o t e n t i a l  computer uses as ind ica ted  by the  
respondents to  the ques t ionna i re  a r e  presented i n  Table X I  and X I I .  It 
was somewhat s u r p r i s i n g  t o  f i n d  t h a t  o n l y  25 per cent o f  the responses 
ind ica ted  t h a t  no use was c u r r e n t l y  being made o f  computers. However, 
i t  i s  probably safe t o  assume a l s o  t h a t  no use was being made o f  computers 
by respondents who d i d  n o t  respond t o  t h i s  item. A genera l l y  f e l t  need, 
however, was r e f l e c t e d  i n  the respondents' n e a r l y  un iversa l  agreement 
(about 80 per cent o f  the t o t a l  number o f  responses) t h a t  some use could 
be made o f  computers i n  t h e i r  work. 

Although non-managerial personnel c u r r e n t l y  make r e l a t i v e l y  l i t t l e  
use of  computers, about 75 per cent o f  t h e i r  responses ind ica ted  t h a t  
they thought some use could be made of computers i n  t h e i r  work, e s p e c i a l l y  
i n  performing 1 i t e r a t u r e  searching func t ions .  

I n  Table X l l l  i t  can be seen t h a t  data r e t r i e v a l  t ime was undoubtedly 
perce ived by the respondents as important: 79 per  cent o f  the t o t a l  group 
responded a f f i r m a t i v e l y  t o  t h i s  item, and there  was no Personnel Group 
f o r  whom data r e t r i e v a l  t ime was unimportant.  

I n  Table X I V  i s  presented a comparison o f  the  c u r r e n t  and des i red 
data r e t r i e v a l  t imes reported by the  respondents. Since modal responses 
i n  both cases l a y  i n  the range o f  one t o  s i x  days, the  i n i t i a l  i n c l i n a -  
t i o n  might be t o  i n t e r p r e t  these r e s u l t s  as i n d i c a t i v e  t h a t  about 30 per 
cent o f  the respondents were s a t i s f i e d  w i t h  t h e i r  c u r r e n t  data r e t r i e v a l  
t imes. I t i s  impossible t o  determine from the  data i n  Table X I V ,  however, 
whether the 30 p e r  cent of the respondents whose c u r r e n t  data r e t r i e v a l  
t ime i s  one t o  s i x  days, a re  the same 30 per cent o f  the respondents whose 
des i red  data r e t r i e v a l  t ime i s  one to s i x  days. I n  o rder  t o  a s c e r t a i n  
the  ex ten t  o f  the respondents' s a t i s f a c t i o n  w i t h  c u r r e n t  data r e t r i e v a l  
t imes, a f u r t h e r  tabulat ion--one which compared c u r r e n t  and des i red  data 
r e t r i e v a l  times f o r  each respondent--was necessary. The r e s u l t s  of  t h i s  
t a b u l a t i o n  a r e  summarized i n  Table X V ,  which shows t h a t  46 per  cent of 
the respondents ind ica ted  as des i rab le ,  r e t r i e v a l  t imes less than t h e i r  



Table X I  

Current Uses o f  Computers 

Category 

X %  X %  

3 14 
2 IO 
1 5  

X %  X %  

1 3  
1 3  

1 4  
1 4  

5 5  
4 4  
1 1  

Bib1 iography 
Abs t rac ts  o f  Report !  
O r  i g i na l  

2 7  

2 7  

2 7  
1 3  

5 5  

5 5  

4 4  
3 3  
1 1  
1 1  
1 1  

System S p e c i f i c  per. 
sonnel Subsystem 

Sys tem Spec i f i c 
Hardware 

Human Engineer ing 
I nc 1 ud i ng 
M a i n t a i n a b i l i t y  

Hardware Inven to ry  
Personnel I n v e n t o r y  
Tas k/Pe r f  o rmance 
General Data Bank 
Human Performance 

Es t ima te  
Equ i pmen t Pe r f  or- 

mance Es t ima te  
Genera 1 S imu la t i on  
Management Tool 
Manning Es t ima te  
Cost Est imate 
Hardware Requ i remenl 

General Processing 
S t a t i s t i c a l  Ana lys i !  
Generate Random 

Integrate/Combine 

Es t ima te  

Ser ies  

1 5  

1 5  
1 5  
1 5  

1 4  
1 4  
1 4  

2 7  

1 3  
2 7  

2 7  

1 3  

4 4  

3 3  
3 3  
2 2  
2 2  
1 1  

1 1  

1 5  

1 5  

2 10 

1 5  

4 9  

1 4  

2 7  
4 14 

7 7  
5 5  

I 1  
1 1  1 4  

~ 

2 IO 6 21 1 1  46 

24 
A 2 2  

24 25 
12 13 

96 

No Use 
No ResDonse 

Tota 1 21 29 



Table X I  I 

Potential Uses of Computers 

No Use I 

Tota I I 3  

X %  
1 3  

1 3  

3 10 

2 7  
1 3  

1 3  

2 7  

1 3  

1 3  
3 10 

31 

3 10 
2 7  

2 7  

2 7  

1 3  
2 7  

2 7  

2 7  

1 
31 

X %  X %  
4 1 5  7 7 
3 1 2  4 4 
1 4  3 3  

3 1 2  7 7 
1 4  7 7  

4 4  

4 4  
3 3  

1 4  3 3  

3 3  
2 2  

1 4  2 2  

1 1  

5 5  

5 5  
2 a  4 4  

1 4  4 4  
3 3  
2 2  

1 
1 4 1 ;  

3 3  
1 4  3 3  

2 2  
1 4  1 1  

1 1  

3 1 2  Y I) 
2 8  
1 4  5 2 -  

26 101 



Table X I 1  I 

Importance of Data Ret r ieva l  Time 

\ 

Extremely Important 

Important 

Unimportant 

No Response 

Tota 1 

X %  

78 

1 1  

1 1  

9 

X %  

19 

50 

19 

13 

16 

X %  

2 

15 

1 

1 

1 1  

79 

5 

5 

19 

X %  

18 

5 

78 

22 

23 

X %  

5 

48 

5 

9 

8 

72 

6 

13 

67 

5 3  



Table X I V  

Current and Desired Data Ret r ieva l  Times 

<One day I 

One t o  s i x  days 

One week t o  < 1 month 

One month to < 3 month! 

>Three months 

No Response 

Tota 1 Responses 

<One day 

One t o  6 days 

One week t o < l  month 

>One month 

Va r i ab 1 e 

No Response 

Tota 1 Responses 

X %  

5 56 

2 22 

2 22 

9 
~ 

1 1 1  

5 56 

1 1 1  

2 22 

~ 

9 

X %  

2 13 

5 31 

3 19 

6 38 

16 

6 38 

4 25 

1 6  

5 31 

16 

54 

5 2c 

7 3; 

3 

1 1 

3 

X %  

4 17 

3 13 

4 17 

3 13 

1 4  

8 35 

23 

5 22 

5 22 

5 22 

1 4  

1 4  

6 26 

23 

X %  

8 12 

23 34 

12 18 

4 6  

1 ' 2  

19 28 

67 

17 25 

21 31 

10 15 

1 2  

2 3  

16 24 



Table X V  

Relat ion of Current and Desired 
Data Retr ieval  Times 

Current > Desi rab le  

Current 5 Desirable  

No Response 

Tota 1 

X %  

2 22 

5 56 

2 22 

9 16 

X %  

1 1  58 

7 37 

1 5  

19 

X %  

10 44 

8 35 

5 22 

23 

X %  

31 46 

24 36 

12 18 

67 
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c u r r e n t  r e t r i e v a l  times. T h i r t y - s i x  per  cent o f  the  respondents; on 
t h e  other  hand, were c l e a r l y  s a t i s f i e d  w i t h  c u r r e n t  data r e t r i e v a l  
t imes, as ind ica ted  by responses i n  which cur ren t  data r e t r i e v a l  t imes 
were less than or equal t o  d e s i r a b l e  ones. It i s  d i f f i c u l t  t o  determine 
the  degree o f  s a t i s f a c t i o n  o f  the 18 per  cent o f  the  group who d i d  n o t  
respond. It i s  probably safe t o  assume t h a t  subjects  who f a i l e d  t o  
respond t o  these items were, a t  any ra te ,  n o t  d i s s a t i s f i e d  w i t h  c u r r e n t  
data r e t r i e v a l  t ime. For these respondents, cur ren t  data r e t r i e v a l  
t imes may e i t h e r  have been s a t i s f a c t o r y  o r  o f  no concern. I t  i s  
probable t h a t  the  group f o r  whom c u r r e n t  data r e t r i e v a l  t imes were 
s a t i s f a c t o r y  was h e a v i l y  populated w i t h  respondents from i n s t a l l a t i o n s  
where computers were i n  common use. 

There was l i t t l e  agreement w i t h  regard t o  the a n t i c i p a t e d  frequency 
o f  use o f  t h e  des i red response t imes. I n  Table XvI i t  can be seen t h a t  
the range o f  responses t o  t h i s  quest ion v a r i e d  from several t imes per  
day t o  less than once per  month. Very few o f  the responses ind ica ted  
t h a t  the  des i red response times would be used more f r e q u e n t l y  than tw ice  
per month. A more accurate p r e d i c t i o n  o f  the frequency o f  use o f  r a p i d  
response times would, o f  course, r e q u i r e  cons idera t ion  o f  t h e  number o f  
human fac to rs  researchers i n  any g iven organ iza t ion .  

T h i r t y - t h r e e  per cent o f  the respondents, p r i m a r i l y  those t o  whom 
response time was unimportant or who f a i l e d  t o  answer the ques t ion  re- 
garding importance, f a i l e d  t o  respond t o  t h i s  item. 

Summarily then, the f o l l o w i n g  conclusions may be der ived  from t h e  
computer-related ques t ionna i re  items: ( 1 )  about 80 per cent o f  the 
respondents f e e l  tha t  some use could be made o f  computers i n  t h e i r  work, 
(2) data r e t r i e v a l  t ime i s  important t o  a t  l e a s t  80 per  cent o f  the  
respondents, (3 )  cur ren t  modal data r e t r i e v a l  t imes a r e  from one t o  s i x  
days, (4) about h a l f  o f  the respondents,probably those who do n o t  have 
ready access t o  computers, a re  d i s s a t i s f i e d  w i t h  cur ren t  data r e t r i e v a l  
t imes, (5) data r e t r i e v a l  t imes o f  less  than one day would probably n o t  
be used more than tw ice  a month by each respondent. 

Recommendations f o r  an Automated Human Factors  Data Handl inq System 

Since the  in fo rmat ion  obtained d u r i n g  t h e  in te rv iews and which 
r e l a t e d  t o  automated human f a c t o r s  data handl ing was no t  amenable t o  
tabu la r  presentat ion or q u a n t i f i c a t i o n ,  i t  was i n t e g r a t e d  i n t o ,  and 
presented as i t  e i t h e r  served t o  s u b s t a n t i a t e  or r e f u t e ,  the recommen- 
da t ions  which fo l low.  

I n  order maximally t o  f a c i l i t a t e  system operat ion,  a computerized 
human f a c t o r s  data r e t r i e v a l  system must be capable o f  per forming t h e  
f o l l o w i n g  funct ions:  

1. Supply data, inc lud ing  task analyses and manning and 
t r a i n i n g  requirements, f o r  any p a r t  o f  a system which has 
been dup l ica ted  i n  past  systems or on an exper imental  basis.  
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Table X V I  

A n t i c i p a t e d  Frequency o f  Use o f  Desired 
Response Time 

Cont inuously 

>Once/da y 

Once/day 

Once/2 days 

Once/l/2 week 

Once/wee k 

Twice/month 

Once/month 

<Once/mon t h  

" l n f  requent ly"  

"< 50% o f  t h e  time" 

">50% o f  the tittie" 

No Response 

Tota 1 

X %  

1 1 1  

1 1 1  

1 1 1  

1 1 1  

2 22 

3 33 

9 

X %  
~ 

1 6  

1 6  

1 6  

2 13 

3 19 

1 6  

7 44 

16 

X %  

2 1 1  

2 1 1  

1 5  

2 1 1  

1 5  

2 1 1  

4 21 

' 5  

4 21 

19 

X %  

9 

4 

4 

3 

4 

4 

4 

4 

4 17 

8 35 

23 

X %  

5 8  

4 6  

2 3  

2 3  

1 2  

3 5  

7 10 

6 9  

6 9  

3 5  

1 2  

5 8  

22 33 

67 
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I m p l i c i t  i n  t h i s  recommendation and t o  a lesser  degree some o f  
those which fo l low,  i s  a c e n t r a l l y  maintained data s to re .  Al though 
there  was near ly  un iversa l  agreement among t h e  interviewees on the  
d e s i r a b i l i t y  of such a pool ,  some reserva t ions  were expressed. 

The i n d i v i d u a l  con t rac tors  were obv ious ly  cognizant of t h e  necess i ty  
o f  the  rap id  r e t r i e v a l  o f  data generated i n  the development o f  past  
systems f o r  the  successful f u l f i l l m e n t  of c o n t r a c t  requirements and f o r  
the maintenance o f  t h e i r  own compet i t i ve  p o s i t i o n s .  
regard t o  t h e i r  pr imary data sources, representat ives f o r  Contractor  9 
were a b l e  immediately t o  c i t e  no less than f i v e  separate, i n t e r n a l l y  
maintained data sources. 
be r e l u c t a n t  t o  c o n t r i b u t e  data t o  a general pool ,  as r e f l e c t e d  i n  
statements o f  representat ives o f  Contractor  2, who f e l t  t h a t  t o  release 
"hard-got1' data, considered p r o p r i e t a r y  by both cont rac tors  and government, 
t o  a general pool would be de t r imenta l  t o  t h e i r  compet i t ive p o s i t i o n .  
They could,  nevertheless,  see the value o f  a r e a d i l y  a v a i l a b l e  s t o r e  o f  
working too ls ;  e.g., programs, subrout ines,  experimental designs and 
methods. Such reservat ions a r e  c l e a r l y  g r a t u i t o u s  i n  l i g h t  o f  c u r r e n t  
computer methodology, which i s  s u f f i c i e n t l y  soph is t i ca ted  t o  permi t  the 
s e l e c t i v e  release o f  c l a s s i f i e d  or p r o p r i e t a r y  in fo rmat ion  t o  author ized 
personnel. 

When quest ioned w i t h  

It appeared f u r t h e r  t h a t  these cont rac tors  would 

Representatives from Government Agency 3 ind icated,  t h a t  "as much 
in fo rmat ion  as poss ib le  i s  needed from prev ious manned f l i g h t s , "  and t h a t  
t h e  a n t i c i p a t e d  d i f f i c u l t y  (due p r i m a r i l y  t o  compet i t i ve  considerat ions)  
i n  o b t a i n i n g  t h i s  in format ion would undoubtedly a c t  as a s i g n i f i c a n t  
d e t e r r e n t  t o  opt imal system development. P a r t i a l l y  as the r e s u l t  o f  the 
perce ived u n a v a i l a b i l i t y  o f  these necessary data, personnel o f  Government 
Agency 3 were per forming task analyses i n  o rder  t o  so lve t h e i r  own s p e c i f i c  
design and performance problems. I n  so doing, considerable d u p l i c a t i o n  
o f  the e f f o r t s  o f  prev ious cont rac tors  was undoubtedly involved. Fur ther-  
more, there  was no standard format f o r  r e p o r t i n g  the r e s u l t s  t h a t  were 
obtained. A quest ion n a t u r a l l y  a r i s e s  as t o  the  e f f e c t s  o f  these de- 
f i c i e n c i e s  upon the  u l t i m a t e  f a t e  o f  the task  ana lys is  data which 
Government Agency 3 i s  now generating. Since many o f  the experiments i n  
which these data were generated were n o t  s p e c i f i c a l l y  requ i red  by c o n t r a c t ,  
i t  i s  h i g h l y  improbable t h a t  the data w i l l  be a v a i l a b l e  f o r  the s o l u t i o n  
o f  r e l a t e d  design and performance problems by f u t u r e  cont rac tors .  On the  
o t h e r  hand, repor ts  o f  s tud ies  done f o r  another p r o j e c t  by the  same 
government agency were a l l  repor ted q u a r t e r l y  t o  the System Program O f f i c e ,  
whether or not the data generated had any d i r e c t  bear ing on a c t u a l  system 
development. While i t  i s  d i f f i c u l t  t o  e s t a b l i s h  a "happy medium'' between 
these two extremes, i t  appears t h a t  t h e  one a t  which an i n o r d i n a t e  amount 
of  data a r e  s tored and made a v a i l a b l e  f o r  r e t r i e v a l  i s  t o  be p r e f e r r e d  
t o  the storage of  an i n s u f f i c i e n t  amount o f  data. 

The storage and r a p i d  r e t r i e v a l  of  task  a n a l y s i s  data would a l s o  
serve t o  f a c i l i t a t e  the s o l u t i o n  of  c e r t a i n  methodological problems now 
encountered. For example, representat ives of  Contractor 8 expressed 
considerable concern w i t h  regard t o  dec id ing  which tasks warranted analyses. 
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They descr ibed t h e i r  present  approach as a "shotgun" one, i n  which a 
sub jec t i ve  eva lua t i on  was f i r s t  made of the  areas i n  which t ime s t ress  
and e r r o r s  appeared most l i k e l y ,  and t h i s  eva lua t i on  confirmed, o r  
in f i rmed by the  performance o f  task analyses. Such an approach appeared 
somewhat l ess  than opt imal  and could probably  be improved o r  replaced 
by one i n  which, on the  bas is  of data generated by a great  number o f  
task analyses performed i n  the past,  one could more o b j e c t i v e l y  a s c e r t a i n  
which areas were indeed most subject  t o  the e f f e c t s  o f  e r r o r s  and t ime 
s t ress .  Such an approach would hope fu l l y  lead t o  the performance o f  an 
ever -d imin ish ing  number o f  task  analyses by each successive con t rac to r .  
Th is  i n  t u r n  would re lease more o f  the con t rac to rs '  t ime and funds f o r  
more d e t a i l e d  analyses o f  new tasks as they a r e  created, and f o r  a p p l i c a t i o n  
t o  o the r  c r i t i c a l  aspects o f  system development. 

2. I n d i c a t e  r a p i d l y  and a t  any t ime du r ing  the system l i f e  
c y c l e  the a v a i l a b i l i t y  o f  the f a c i l i t i e s ,  t r a i n i n g  a ids ,  
aerospace ground equipment, and t r a i n e d  personnel necessary 
t o  design, develop, operate and main ta in  the system. 

The necess i ty  of r a p i d  access t o  these data appeared p ropor t i ona l  t o  
the  number and s i z e  o f  the con t rac t i ng  agencies upon whom opera t ing  o f  
the system depends; i .e . ,  a l though r e l a t i v e l y  la rge  con t rac t i ng  agencies 
were u s u a l l y  b e t t e r  equipped t o  cope w i t h  usual system development problems 
than were smal ler  con t rac tors ,  the  increased d i v i s i o n  o f  labor  which ac- 
companied corpora te  growth resu l ted  a l s o  i n  an increased l i k e l i h o o d  o f  
d u p l i c a t i o n  o f  e f f o r t  and c r i t i c a l  overs igh ts .  That these were compounded 
by s i t u a t i o n s  i n  which more than one con t rac to r  was responsib le  f o r  system 
opera t ion  was r e f l e c t e d  i n  the  f o l l o w i n g  statement from a representa t ive  o f  
Contractor  8: 

The i n t e r f a c e  o f  the cont rac tors  a t  the launch complex i s  q u i t e  
e r r o r  prone because there  has been no c e n t r a l  management i n  
f a c i l i t y  design. 

A l s o  opera t ing  a t  odds w i t h  the necess i ty  f o r  rap id  access t o  personnel 
and equipment data was the  usual phys ica l  separat ion of human f a c t o r s  data 
generators,  design engineers, and techn ica l  w r i  t e rs .  Th is  o f t e n  produced 
a s i t u a t i o n  i n  which there  was considerable de lay from the t ime when use- 
f u l  da ta  were generated t o  the  t i m e  when they became a v a i l a b l e  f o r  d i r e c t  
a p p l i c a t i o n  t o  system design. Many con t rac to rs  had taken steps t o  de- 
crease t h i s  de lay by s e l e c t i v e l y  employing psycho log is ts  w i t h  engineer ing 
exper ience and/or engineers w i t h  experience i n  human psychology. However, 
a d i s t i n c t  separat ion o f  these data generators and users f rom the  w r i t e r s  
of  t echn ica l  p u b l i c a t i o n s  pe rs i s ted  i n  a i l  the  con t rac t i ng  agencie5 visited. 

Considerable disagreement ex i s ted  w i t h  regard t o  the t ime i n  the 
system l i f e  cyc le  when human fac to rs  considerat ions are  most important.  
Human f a c t o r s  personnel a t  Contractor 5 were unanimous i n  agreeing t h a t  
the des ign phase was the on ly  t ime f o r  human f a c t o r s  considerat ions.  
p o i n t  of v iew was subs tan t ia ted  by what was r e f e r r e d  t o  as, " i nc iden ts  
f o l l o w i n g  both i n c l u s i o n  and exc lus ion o f  such requirements." A t  the  

Th is  
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other  extreme were representat ives from Contractor  8, who expressed the 
o p i n i o n  t h a t  the pr imary cons idera t ion  of  human f a c t o r s  should occur 
i n  maintenance, inspect ion,  launching, and sa fe ty ,  and t h a t  designers 
should n o t  be requi red t o  l'waste time" w a i t i n g  f o r  task  and f u n c t i o n  
analyses. Contractor 8 included human f a c t o r s  personnel on a l l  design 
and product ion teams. 

3 .  Simulate any proposed system or  p o r t i o n  thereof  a t  any 
time dur ing  the system l i f e  c y c l e  and a t  var ious l e v e l s  
o f  d e t a i l .  

The v e r i t y  of  the need f o r  these func t ions  was r e a d i l y  apparent, 
s ince several o f  the cont rac tors  repor ted t h a t  such computer funct ions 
were a l ready being performed i n  t h e i r  o rgan iza t ions  a t  the t ime o f  the 
in terv iew.  Impetus has been l e n t  t h i s  t rend by w e l l  de f ined AF c o n t r a c t  
requirements f o r  s imulat ion,  e s p e c i a l l y  f o r  t r a i n i n g  purposes. The 
importance of  product s imu la t ion  as a t o o l  f o r  f a c i l i t a t i n g  the  design 
and development o f  t r a i n i n g  devices was stressed by representa t ives  o f  
Contractor 2, who reported t h a t  t h e i r  o rgan iza t ion  always r e l i e d  h e a v i l y  
on computerized product s imulators ,  i r r e s p e c t i v e  o f  c o n t r a c t  requirements. 
S i m i l a r l y ,  representat ives o f  Contractor 3 repor ted t h a t ,  owing t o  computer 
s i m u l a t i o n  e a r l y  i n  one o f  t h e i r  pr imary programs, design changes were 
made which under any o ther  circumstances, would have been impossible. 
The importance o f  computer s imu la t ion  as perceived by p r i v a t e  cont rac tors  
was perhaps made most c l e a r  by the representat ives from Contractor  5: 
a l though t h e i r  o rgan iza t ion  had access t o  modern e l e c t r o n i c  data storage 
and processing equipment, the o n l y  use t o  which the  computer was p u t  
o ther  than i n  the performance o f  s t a t i s t i c a l  rou t ines  was i n  s imu la t ion  
o f  var ious system p a r t s  o r  subsystems, 

Simulat ion may a l s o  prov ide  the  o n l y  means f o r  r e l i a b i l i t y  e s t i m a t i o n  
i n  systems which cannot be made a c t u a l l y  t o  IIgo'l except i n  t imes o f  
na t iona l  emergency; for example, Contractor  4 was developing a mathematical 
model f o r  s imulat ing the performance o f  an I C B M  system. 

Computer s imu la t ion  d u r i n g  the conceptual and p lann ing  phases of 
system development would undoubtedly f a c i l i t a t e  the o b j e c t i v e  and accurate 
es t imat ion  o f  costs,  eva lua t ions  o f  t rade-o f fs ,  a l t e r n a t i v e  s o l u t i o n s ,  
and developmental steps. 

4. Be amenable t o  f requent updating. 

I t  i s  obvious t h a t ,  were a computer storage system not  capable of 
f requent updating, i t s  use would be as l i m i t e d  as t h a t  o f  a handbook 
(probably even more so, s ince the  r e t r i e v a l  o f  data from handbooks i s  
genera l l y  eas ier  than i s  the r e t r i e v a l  or data from computet s torage) .  
Indeed, i t  i s  probably safe t o  assume t h a t  the p r i n c i p a l  va lue of  any 
data bank der ives from the recency o f  i t s  e n t r i e s .  
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Several con t rac tors  (6, 8, 9) were, a t  the  t ime o f  the in terv iews,  
performing a computerized data communication s e r v i c e  f o r  t h e i r  researchers. 
A record was kept  o f  t h e  major f i e l d s  o f  i n t e r e s t  and the nature o f  the  
ongoing research of  the employees and n o t i c e s  o f  new accessions, immediately 
upon r e c e i p t ,  sent them. Such a serv ice was viewed by the researchers as 
necessary and invaluable.  

5. Prov ide summaries o f  bas ic  data l i k e l y  t o  be requi red i n  
developing a p a r t i c u l a r  system and based on e a r l y  p lanning 
s p e c i f i c a t i o n s  regarding the na ture  o f  the  f i n a l  products. 

6 

This  recommendation i s  c l o s e l y  r e l a t e d  t o  (4) above, i n  t h a t  the 
recency o f  e n t r i e s  and outputs  w i l l  determine t h e  u l t i m a t e  u t i l i t y  o f  the  
sys tem. 

A recent study (8) demonstrate+ tha t  d i s s a t i s f a c t i o n  w i t h  c u r r e n t  
human f a c t o r s  reference works was near ly  un iversa l .  For ty -n ine  o f  21 1 
suggestions f o r  improving human f a c t o r s  handbooks i n d i c a t e d  the  d e s i r e  
o f  the respondents f o r  more bas ic  q u a n t i t a t i v e  data, more references, and 
less "exper t is ing."  Another 40 o f  the suggestions were f o r  more f requent  
updat ing.  Any proposed automat ic data r e t r i e v a l  system should a t  l e a s t  
p rov ide  e f f e c t i v e  means f o r  a l l a y i n g  these two object ions.  

Representat ives o f  a t  l e a s t  two cont rac tors  expressed some doubt 
w i t h  regard t o  the  usefulness o f  handbook-type data summaries, t h e i r  
extens ive re1 iance on such sources notwithstanding. Contractor 9 was 
us ing i t s  own l i b r a r y  system which provided f o r  p r i n t - o u t s  o f  machine 
a b s t r a c t s  o f  s to red  research repor ts  on McBee cards. I n  l i g h t  of t h e  
a v a i l a b i l i t y  o f  t h i s  and s i m i l a r  services (e.g., T u f t s ,  DDC), representat ives 
from Contractor  9 were somewhat skept ica l  of  the need f o r  a " f a c t  r e t r i e v a l "  
system, e s p e c i a l l y  on grounds o f  i t s  probable h igh  cos t  as compared t o  
the probable increase i n  data a v a i l a b i l i t y  over and above t h a t  which was 
a l ready being provided by t h e i r  own and r e l a t e d  automated l i b r a r y  systems. 
The o b j e c t i o n  o f  representat ives from Contractor  3 was more general and 
can probably be summarily dismissed: "Since handbooks do not  deal w i t h  
' b i g  p i c t u r e s , '  they cannot t e l l  a p r a c t i c i n g  human f a c t o r s  man what he 
needs t o  know. I '  

6 .  

Th 
and cou 

I n  the event t h a t  spec ia l  s i t u a t i o n s  should a r i s e  which 
requ i re  data which are  unavai lab le i n  handbooks, o r  when 
l a t e s t  updated data a r e  required, the computer system 
s h o ~ ! r i  generate r e p l i e s  to s p e c i f i c  quer ies.  (While i t  
i s  not  suggested t h a t  t h i s  be the  normal mode of operat ion,  
the o p t i o n  should be avai lab le. )  

s fea ture  would be espec ia l l y  va luable as an i n t e r p o l a t i n g  device, 
d perhaps even e l i m i n a t e  the need f o r  c e r t a i n  rou t ine ,  n o n - c r i t i c a  
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experiments. Representat ives f Tom Government Agency 1 repor ted t h a t  . 
such func t ions  were being performed by l l spec ia l i s ts l '  i n  t h e i r  o rgan iza t ion ,  
and t h a t  no experiments were performed t o  so lve human f a c t o r s  problems 
i n  system design. Since s p e c i a l i s t s  undoubtedly possess va ry ing  degrees 
o f  exper t i se ,  the purposes of system development and design would probably  
be w e l l  served by the s tandard iza t ion  o f  i n t e r p o l a t i v e  methodology. For 
example, the amount o f  torque requ i red  t o  t u r n  a two-inch knob may or may 
no t  1 i e  midway between the amounts requ i red  t o  t u r n  one- and th ree- inch  
knobs, a l l  o ther  th ings  being equal .  A machine-generated curve which was 
based on r e l a t i v e l y  few data p o i n t s  and which descr ibed torque as a func- 
t i o n  o f  knob diameter would probably permi t  more accurate between-data- 
p o i n t  i n t e r p o l a t i o n  than would r e l i a n c e  on vary ing  degrees o f  exper t i se .  

I n  a d d i t i o n  t o  t h i s  proposed i n t e r p o l a t i v e  func t i on ,  Government 
Agency 2 has used an "in-commission ra te l '  model t o  he lp  so lve  the f o l l o w i n g  
problems: es t imat ion  of the  e f f e c t s  o f  changes i n  techn ica l  orders,  t rade- 
o f f s  between a v a i l a b i l i t y  o f  resources, maintenance demands, and u n i t  
manning; between checkout frequency, f a i l u r e  ra tes,  and maintenance work 
hours; and f o r  determin ing the ex ten t  o f  wear added t o  the system by un- 
scheduled maintenance checkouts. 
p r o j e c t  and update cont inuously  an est imate o f  human r e l i a b i l i t y  i n  
sys tem opera t ion. 

Contractor  4 was us ing  a computer t o  

Th is  a b i l i t y  o f  t he  system t o  a i d  i n  the s o l u t i o n  o f  system-speci f ic  
problems i s  viewed as e s p e c i a l l y  important,  as i t  appears t h a t  these a re  
the problems f o r  which so lu t i ons  w i l l  n o t  p rev ious l y  have been generated. 

7. Throughout development, the  system should produce 
au tomat ica l l y  and as needed those system-speci f ic  
documents i d e n t i f i a b l e  today as, f o r  example, QQPRI, 
and TEPl  . 

Considerable concern was expressed by almost a l l  o f  t he  Cont rac t ing  
and Government Agencies over whether or no t  the e f f o r t  requ i red  t o  produce 
these documents was warranted by t h e i r  u l t i m a t e  value. Three inadequacies 
were f requent ly  c i t e d  by the  interviewees: ( 1 )  the  immediate a p p l i c a b i l i t y  
o f  these documents was l i m i t e d  and sometimes obv iated by t h e i r  p roduc t ion  
l a t e  i n  the system l i f e  cyc le ;  (2) much re levant  in fo rmat ion  was omi t ted;  
and ( 3 )  re levant  in fo rmat ion  was o f t e n  obscured by i r r e l e v a n t  verbiage. 
I n  add i t i on ,  representat ives from Contractor  6 were much concerned about 
"wasted e f f o r t "  i n  the  p repara t i on  o f  Personnel Subsystem documents, and 
c i t e d  a case i n  which t h e i r  e n t i r e  human f a c t o r s  sec t i on  had been c a l l e d  
upon t o  prepare a sec t ion  on opera tor  tasks which was discarded from a 
subsequent rev i s ion  o f  the QQPRI document. 
2 maintained tha t ,  " i f  the  broadest i n t e r p r e t a t i o n  o f  the Personnel Equip- 
ment Data spec i f i ca t i ons  were fo l lowed,  an i n t o l e r a b l e  burden would be 
imposed on the system." 

Representat ives f rom Contractor  

Whi le these inadequacies may have been due i n  l a rge  measure t o  
f a i l u r e  o f  the cont rac tors  t o  f o l l o w  recommended procedures and regu la t ions  
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* f o r  f u l f i l l i n g  con t rac t  requirements, i t  does n o t  necessa r i l y  f o l l o w  
t h a t  t he  s i t u a t i o n  would be improved by s t r i c t  adherence t o  the re- 
commended procedures. indeed, q u i t e  the oppos i te  may be the case; 
near-unanimous f a i l u r e  t o  comply w i th  regu la t i ons  may be i n d i c a t i v e  
o f  shortcomings i n  the  regu la t i ons  themselves. 

The d i f f i c u l t i e s  stem a t  l e a s t  i n  p a r t  from the  imprecise na ture  
o f  the regu la t ions  and speci f  cat ions governing the prepara t ion  o f  
personnel subsystem documents There i s  room f o r  cons iderable l a t i t u d e  
i n  i n t e r p r e t i n g  these documen s. Increased r i g i d i t y  o f  the regu la t i ons  
and s p e c i f i c a t i o n s ,  however, s n o t  necessar i l y  the  answer, s ince  t h i s  
may prove even less  conducive t o  e f f i c i e n t  system opera t ion  than i s  the 
s i t u a t i o n  as i t  now e x i s t s .  I t  i s ,  there fore ,  suggested t h a t  the re- 
quirements for  personnel subsystem data a r e  s u f f i c i e n t  as they stand, but  
t h a t  i t  would be i n  the best i n te res ts  o f  both con t rac to rs  and t h e i r  
respec t ive  procur ing  a c t i v i t i e s  t o  standardize the  form i n  which these 
data a r e  repor ted.  Whi le ( 3 )  represents a s tep  i n  t h i s  d i r e c t i o n ,  i t  i s  
hoped t h a t  the c l a s s i f i c a t i o n  system proposed he re in  w i l l  p rov ide  a more 
o r d e r l y  means f o r  data o rgan iza t i on  and t h a t  the  many poss ib le  recombi- 
na t i ons  o f  s to red  e n t r i e s  w i l l  p rov ide f o r  the generat ion o f  personnel 
subsystem documents which conform t o  present  regu la t i ons  and f u t u r e  
amendments o r  m o d i f i c a t i o n s  thereo f .  
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SECTION V I 1  

I MPLEMENTAT ION 

In  the preceding sec t ions  c h a r a c t e r i s t i c s  o f  an automated human 
f a c t o r s  data handl ing system were proposed, and the  need f o r  the  
development o f  a standard c l a s s i f i c a t i o n  scheme based on the  s t r u c t u r e  
o f  human fac to rs  data was demonstrated. 
suggestions and p r i o r i  t i e s  f o r  implementing the  fo rego ing  recommendations. 

The f o l l o w i n g  sec t i on  presents 

A human f a c t o r s  data hand l ing  system t h a t  f u l f i l l s  the requirements 
descr ibed cannot be designed and presented t o  system developers as an 
operable system. Rather, i t  must be designed i n  a way such tha t  use of  
the data system and an a c q u i s i t i o n  o f  the  sof tware and hardware w i l l  
permi t  an o rde r l y  progress ion from cu r ren t  t o  newly developed methods. 
It has been es tab l i shed t h a t  some human f a c t o r s  data hand l ing  func t i ons  
a r e  now accomplished by the use o f  computers a t  some i n s t a l l a t i o n s .  To 
the ex ten t  t ha t  cu r ren t  automated systems f u l f i l l  the requirements se t  
f o r t h  i n  the preceding sect ion,  c u r r e n t l y  used methods can serve as the 
p o i n t  o f  departure f o r  the  design of a more soph is t i ca ted  data system. 
P rov i s ion  must be made f o r  t e s t  and eva lua t i on  o f  a newly designed 
system as i t  i s  developed and used. 

The f i r s t  steps should be the expansion o f  l i s t s  o f  c l a s s i f y i n g  
terms w i t h i n  the framework suggested and presented i n  Sect ion V,  Data 
C l a s s i f i c a t i o n .  This  should be done by, or i n  c o n s u l t a t i o n  w i th ,  exper ts  
and cu r ren t  p r a c t i t i o n e r s  i n  each o f  the var ious  f i e l d s .  C l a s s i f i e r s  
used a t  the ou tse t  need no t  be considered as immodi f iab le o r  unexpandable, 
s ince appropr ia te programming w i l l  hope fu l l y  r e f i n e  the  c l a s s i f i e r  l i s t  
au tomat ica l l y  under constant and f requent  use. The i n i t i a l  c l a s s i f i e r s  
should, i n  any event, r e f l e c t  the  t r u e  s t r u c t u r e  o f  human f a c t o r s  data 
t o  f a c i l i t a t e  access to ,  and s torage o f ,  the data f o r  a l l  users and 
genera t o r s  . 

The second step should be the development o f  programs t o  s to re  each 
o f  the  var ious k ind  o f  human f a c t o r s  data and t o  p rov ide  f o r  c l a s s i f i c a t i o n  
o f  the  stored data a t  each o f  the  l e v e l s  descr ibed. 

The t h i r d  step should be the s e l e c t i o n  o f  a system t o  which the 
designed data handl ing system can be appl ied.  
should govern the s e l e c t i o n  of the system: 

The f o l l o w i n g  c r i t e r i a  

0 I t  should be in a very e a r l y  stage. 

0 I t  should be modest i n  s i z e  o r  have a subsystem which can be 
t rea ted  separate ly  by t h e  data hand1 ing  system. 
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0 During the course o f  development, i t  should be p o s s i b l e  
t o  use the newly designed data handl ing system con- 
c u r r e n t l y  w i t h  normal ly  used data handl ing systems. 

0 I t  must be p o s s i b l e  t o  compare accuracy, speed, and 
cost  o f  opera t ion  of  the newly designed data hand l ing  
system t o  those o f  the normal ly used system. 

0 The system should be t y p i c a l  o f  A i r  Force or NASA 
sys tems . 

0 The a n t i c i p a t e d  development t ime should be as shor t  as 
poss ib le .  

The f o u r t h  s tep should be actual  opera t ion  o f  the designed data 
handl ing system i n  the t e s t  system under development. I n  the  course o f  
the t e s t  system development, a l l  human f a c t o r s  data should be s tored and 
handled t o  accomplish the recommended goals and t o  the f u l l e s t  poss ib le  
ex ten t  i n  a l i m i t e d  system. In  a d d i t i o n  any data f rom sources ex terna l  
t o  the t e s t  system but  used i n  i t s  development should a l s o  be s to red  in 
the data handl ing system. 

The f i f t h  step should be a p p l i c a t i o n  o f  t h e  data hand l ing  system 
t o  s t i l l  another system under development and se lected according t o  the 
same c r i t e r i a .  Development o f  the f i r s t  system selected need n o t  be 
complete. 
system w i l l  be e x a c t l y  the same as for the f i r s t ,  w i t h  one important 
except ion f o r  the second system a s to re  o f  data w i l l  be a v a i l a b l e  a t  
the  s t a r t .  

A p p l i c a t i o n  of  t h e  data handl ing system t o  t h e  second t e s t  

A t  t h i s  p o i n t  eva lua t ion  of the methods w i l l  i n d i c a t e  u t i l i t y  o f  
the newly designed human f a c t o r s  data handl ing system w i t h i n  a system 
and, t o  some ex ten t ,  across systems. P r o j e c t i o n  of r e s u l t s  t o  l a r g e r  
and more complex systems w i l l  provide c r i t e r i a  and d i r e c t i o n  f o r  
development and general a p p l i c a t i o n  o f  the  newly designed data handl ing 
system. 

The design and implementation of the data handl ing system should 
be d i r e c t e d  toward accomplishing the func t ions  descr ibed i n  the preceding 
sec t ion .  When concurrent development o f  a l l  func t ions  i s  impossible, 
dec is ions  as t o  which t o  s e l e c t  should be based on the e f f o r t  which w i l l  
produce the greatest  payof f  i n  terms o f  f a c i l i t a t i n g  t e s t  system 
development. ?he p r i o r i t y  f o r  s e l e c t i o n  from among the recommended 
func t ions  should be as f o l l o w s ,  w i t h  the  f i r s t  mentioned having the  
h ighes t  p r i o r i t y .  

1.  Throughout development, the system should produce 
au tomat ica l l y  and as needed those system-speci f ic  
documents i d e n t i f i a b l e  today as ,  f o r  example, QQPRI, 
and TEPl . 
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2. I n  the event t h a t  spec ia l  s i t u a t i o n s  should a r i s e  which 
requ i re  data which a r e  unava i lab le  i n  handbooks, o r  when 
l a t e s t  updated data a re  required, the  computer system 
should generate r e p l i e s  t o  s p e c i f i c  quer ies.  
i s  no t  suggested t h a t  t h i s  be the  normal mode o f  operat ion,  
the op t i on  should be ava i l ab le . )  

(While i t  

3. Provide summaries o f  bas ic  data l i k e l y  t o  be requ i red  i n  
developing a p a r t i c u l a r  system and based on e a r l y  p lann ing  
s p e c i f i c a t i o n s  regard ing the  na ture  o f  the f i n a l  products.  

4. Be amenable t o  f requent  updating. 

5 .  Simulate any proposed system o r  p o r t i o n  thereof  a t  any 
time du r ing  the system l i f e  cyc le  and a t  var ious  l eve l s  
of  d e t a i l .  

6.  I nd i ca te  r a p i d l y  and a t  any t ime du r ing  the system l i f e  
cyc le  the  a v a i l a b i l i t y  o f  the f a c i l i t i e s ,  t r a i n i n g  a ids ,  
aerospace ground equipment, and t ra ined  personnel necessary 
t o  design, develop, operate and main ta in  the system. 

7. Supply data,  i nc lud ing  task analyses and manning and 
t r a i n i n g  requirements, f o r  any p a r t  o f  a system which has 
been dup l ica ted  i n  past  systems o r  on an exper imental  basis.  
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APPENDIX I 

LITERATURE REVIEW 

The documents deemed re levan t  t o  the  purposes o f  the  i n v e s t i g a t i o n  
were o f  two kinds. One c lass  was comprised o f  A i r  Force manuals ( 3  
and l ) ,  which served the  dual purpose o f  f a m i l i a r i z i n g  the i nves t i ga to rs  
p r i o r  t o  the  in te rv iews w i t h  the extent  o f  the l i m i t a t i o n s  placed upon 
cu r ren t  human f a c t o r s  e f f o r t s  by contractors ,  and o f  p rov id ing  a de- 
s c r i p t i o n  o f  human f a c t o r s  data as fo rmal ly  de f ined by procur ing  a c t i v i t i e s .  

The second c lass  o f  l i t e r a t u r e  was comprised p r i m a r i l y  o f  handbooks 
which prov ide  summaries o f  the r e s u l t s  o f  human f a c t o r s  research; (7, 4, 
6, and 5). A l so  inc luded i n  t h i s  c lass were textbooks and o ther  documents 
which served t o  i n d i c a t e  the  na ture  o f  cu r ren t  p r a c t i c e  i n  indexing and 
c l a s s i f y i n g  human f a c t o r s  data. 

The examinat ion o f  the 1 i t e r a t u r e  resu l ted  i n  th ree  important con- 
t r i b u t i o n s  t o  t h i s  study: 

1 .  The government documents provided in fo rmat ion  about 
the  content  of repo r t s  and documents requ i red  i n  
system development by current  regu la t i ons  and 
es tab l  ished procedures. In  add i t i on ,  in fo rmat ion  
was prov ided which helped t o  i n d i c a t e  the  sources o f  
the  in fo rmat ion  i n  such documents and t o  i d e n t i f y  the 
users f o r  whom the  documents a re  prepared. 

2. Handbooks and o the r  source books helped t o  i d e n t i f y  
areas o f  i n t e r e s t  f o r  those persons who have the respon- 
s i b i l i t y  f o r  generat ing the documents descr ibed i n  ( 1 )  
above . 

3 .  The study o f  tab les  o f  contents and indexes prov ided 
i n s i g h t s  i n t o  the  methods o f  c l a s s i f i c a t i o n  o f  c u r r e n t l y  
used human f a c t o r s  data and prov ided the base f o r  
the  suggested c l a s s i f i c a t i o n  system repor ted i n  the 
f i n a l  sec t i on  o f  t h i s  repor t .  

A comp!ete ! i s t  nf the documents reviewed f o r  t h i s  p a r t  o f  the study 
can be found I n  Bib l ioqraphy.  

67 



APPENDIX I I 

INTERVIEW PROCEDURE 

Seventy-three persons who were invo lved i n  system design, development, 
and operat ion were interviewed. O f  these, two were con t rac to r  managers 
o f  a complete development program, s i x  were managers o f  the personnel sub- 
systems sect ion o f  t h e i r  respec t ive  organ iza t ion ,  17 were heads of  devel- 
opment f o r  a s p e c i f i c  personnel subsystem department, and the remaining 
48 were non-managerial personnel. 

In terv iews were he ld  i n  12 o f f i c e s  which were engaged i n  system 
development, and included o f f i c e s  o f  major cont rac tors ,  system p r o j e c t  
o f f i c e s ,  A i r  Force Commands, and the NASA Manned Spacecraf t  Center. The 
in te rv iews were focused on n ine  major systems which were se lected as 
representa t ive  o f  var ious  manufacturers, AF and NASA d i v i s i o n s ,  phases 
o f  system development, and types o f  weapon system (manned vs.  unmanned, 
ground vs. a i rborne,  e t c . ) .  The c r i t e r i a  f o r  the s e l e c t i o n  o f  the system 
which were examined were: 

1 .  The systems se lected were s u f f i c i e n t l y  broad i n  scope 
t o  inc lude many d i f f e r e n t  k inds o f  human f a c t o r s  data. 
While the purpose o f  the study was n o t  the  accumulation 
o f  a data bank, i t  was intended t h a t  the c l a s s i f i c a t i o n  
scheme developed would p rov ide  a framework w i t h i n  which 
such a bank cou ld  evolve.  

2. The systems se lected f o r  study were representa t ive  o f  
most k inds  o f  aerospace developments, so t h a t  the  
r e s u l t i n g  techniques would be genera l l y  use fu l  t o  a l l  
p o t e n t i a l  users. 

3 .  The systems were se lected t o  be as representa t ive  as 
poss ib le  o f  the cont rac tors  who work on AF and NASA 
sys tems. 

4. Systems were se lected which could be s tud ied  w i t h  a 
minimum o f  r e s t r i c t i o n s  imposed by s e c u r i t y  o r  p r o p r i e t a r y  
cons i de r a t  ions. 

5. Systems were se lected which could be s tud ied  i n  depth 
and w i t h i n  the cont rac tua l  c o n s t r a i n t s  o f  a v a i l a b l e  
personnel and time. 

6. The systems se lected f o r  s tudy inc luded samples a t  
d i f f e r e n t  stages of development so t h a t  the  schemes 
developed would no t  be biased toward a p a r t i c u l a r  phase. 
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. I n t r o d u c t o r y  l e t t e r s ,  designed t o  acquaint  them w i t h  the o v e r a l l  
na ture  o f  the  research program, were sent to  prospec t ive  interviewees. 
These were fo l lowed by ' te lephone c a l l s ,  the purpose o f  wnich was t o  
answer any quest ions which the  prospect ive in terv iewees might have had 
and t o  e s t a b l i s h  d e f i n i t e  times and dates f o r  t h e  in te rv iews.  

The discussions he ld  dur ing  the  in terv iews centered around a l i s t  
o f  quest ions which was compiled by the i n v e s t i g a t o r s  p r i o r  t o  the  v i s i t .  
These were designed t o  e l i c i t  s p e c i f i c  responses which would be re levant  
t o  the  purposes of  t h e  i n v e s t i g a t i o n .  

The in te rv iews v a r i e d  f r o m  one-half t o  f o u r  hours, depending p r i m a r i l y  
on the  length  o f  the t ime which the  interviewees were w i l l i n g  t o  spend. 
The t o t a l  lengths o f  t h e  o n - s i t e  v i s i t s  var ied  from one-hal f  t o  two days. 

Immediately upon r e t u r n i n g  from each in te rv iew,  a t r i p  r e p o r t  was 
w r i t t e n ,  based on notes taken on the events which had t r a n s p i r e d  and the 
comments which had been made by the  interviewees. 
and the  notes upon which they were based were re ta ined and served as t 
p r i n c i p a l  sources f o r  t h e  a n a l y s i s  of  the  i n t e r v i e w  data. 

These t r i p  repor ts  

The in t roduc tory  l e t t e r  and the l i s t  o f  quest ions are  attached, 
respec t ive ly ,  as Appendixes V and V I .  
t o  the i n s t a l l a t i o n s  v i s i t e d .  

These were mod i f ied  as app l i cab  
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APPENDIX 1 1 1  

QUESTIONNAIRE 

Name 

Pos i t i on  (Job t i t l e )  

Job t i t l e  of four  c loses t  working associates 

Profess i onal j ou  rna 1 s and techni ca 
sources of data i n  performing j o b )  

i ca t i ons  most f requen t l y  read. (Not necessar i l y  as 

professional  organizat ions o f  which you are a member. A l s o  l i s t  those f o r  which you have 
prepared and/or de l i vered  papers or attended meetings. 

What are t h e  most important data sources and inputs w i t h  which you work. 
used frequent ly,  frequency o f  use o f  research repor ts ,  outputs o f  o ther  human fac to rs  
s p e c i a l i s t s  e.g., maintainabi  i t y  ana lys is ,  QQPRI, etc. .  sources o f  documentation re fe r red  
to ,  and others which you cons der important).  

( L i s t  handbooks 



Forms o f  processing (What do you do w i t h  raw inputs tha t  transforms them i n t o  a new use- 
ab le  product. 
Review engineering drawings for  compliance with regs. spec i f y ing  human fac to rs  require- 
ments. O r ;  Generate task data based on observation o f  performance w i t h  hardware.) 

L i s t  as many as you can i n  o r d e r  o f  importance i n  your job.  Example: 

Forms of  outputs (Spec i f i c  examples o f  your con t r i bu t i on  t o  system development associate 
each example w i t h  system and phase o f  development.) 

Form o f  output 

(Examp 1 es) 

Revised task analyses 

Nara t ive  repor t  r e  design recommendations 

System 

T i t a n  I I  

F - l  I I 

Phase 

Cat. I I  Test ing 

Desi gn 
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What uses do you make o f  computers i n  e i t h e r  r e t r i e v a l ,  processing, or s t o r i n g  o f  data? 

I n  what ways do you th ink  computers could be used i n  making your j o b  easier,  f as te r ,  o r  
more e f f i c i e n t  i n  sane way? 

~~ ~~ ~~ ~~ 

I s  response t ime ( i n  request f o r  data) important t o  you? 
w i t h  now? What k ind  o f  response t ime would you l i k e  t o  have ava i l ab le?  How o f t e n  would 
you use the most rap id  response t ime you mentioned? 

What response times do you work 
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APPENDIX I V  

ANALYSIS 

Ana lys is  o f  Data Gather inq Resul ts 

Resul ts  from the 1 i t e r a t u r e  surveys, in terv iews,  and quest ionnai res 
were e x t e n s i v e l y  summarized i n  n a r r a t i v e  and, where f e a s i b l e ,  frequency 
t a b l e  form. Resul ts across a l l  o f  these techniques were then consol idated 
i n t o  categor ies having d i f f e r e n t i a l  imp l ica t ions  f o r  design o f  an automated 
human task  data handl ing system. 

Resul ts  from the 1 i t e r a t u r e  survey were used as t h e  pr imary source 
f o r  d e f i n i n g  the k inds o f  subsystem data w i t h  which the  automated system 
would have t o  deal ,  and were a l s o  bas ic  t o  d e f i n i n g  sources, generators, 
users, developmental phase re la t ionsh ips ,  and l e v e l s  o f  d e t a i  1 f o r  each 
k i n d  o f  data. I n  a d d i t i o n ,  r e s u l t s  from the  l i t e r a t u r e  survey were used 
s e l e c t i v e l y  t o  supplement, c l a r i f y ,  and j u s t i f y  conclusions and recommen- 
dat  ions throughout the repor t .  

Ana lys is  o f  i n t e r v i e w  r e s u l t s  consisted p r i m a r i l y  of  d i r e c t  e x t r a c t i o n  
o f  w r i t t e n  observat ions and comments from f i e l d  v i s i t s .  A systemat ic review 
o f  these r e s u l t s  was used both t o  e s t a b l i s h  modal response and v a r i a t i o n s  
across systems. The comments o f  in terv iews were used as a pr imary source 
f o r  e s t i m a t i n g  t h e  impact o f  human f a c t o r s  data on system development. 
H i s t o r i c  and s t a t u s  in fo rmat ion  obtained dur ing  f i e l d  v i s i t s  was used 
as a bas is  f o r  e v a l u a t i n g  the  e f f e c t s  o f  d i f f e r e n t  c o n d i t i o n s  on the  
na ture  o f  human f a c t o r s  e f f o r t s  i n  system development. The observat ions 
o f  o rgan iza t iona l  s t r u c t u r e s  made dur ing f i e l d  v i s i t s ,  and comments o f  
in terv iewees were used i n  i d e n t i f y i n g  the  c h a r a c t e r i s t i c s  o f  human 
f a c t o r s  generators and users. Comments o f  interviewees were paramount 
i n  d e r i v i n g  suggested f u n c t i o n a l  c h a r a c t e r i s t i c s  f o r  a computerized 
system t o  handle human task and r e l a t e d  data. 

Since the quest ionnai res invo lved open-end responses, "Response 
Categoriesi1 were der ived f o r  each quest ion on the bas is  o f  review o f  a l l  
responses. Responses were then tabulated separate ly  f o r  each d i f f e r e n t  
c lass  o f  system development personnel o r  "Personnel Group.'' 

Since the comparisons y i e l d e d  by s o r t i n g  the quest ionnai res i n t o  
Personnei Grvups K G G ? ~  serve m ! y  to i nd ica te  the d i f f e r e n c e s  between 
Personnel Groups i n  the number o f  responses given t o  any or a l i  quest ions,  
f u r t h e r  s o r t i n g  o f  the responses was necessary. 
i n t e r e s t  were, l'what were the  d i f fe rences  between Personnel Groups i n  
the  responses t o  any given quest ion?"  and, "what were the  d i f f e r e n c e s  
between responses t o  any given quest ion i r r e s p e c t i v e  o f  Personnel Groups?'' 
To these ends, the responses t o  each item were sor ted i n t o  Response Categories 
which, s ince  the quest ions were o f  the open-end type, were d i c t a t e d  by the 

The quest ions of pr imary 
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s p e c i f i c  content o f  the responses t o  each i tem and were, of necess i ty ,  
determined on an a p o s t e r i o r i  basis.  

Since the  number of respondents i n  each Personnel Group was n o t  
equal and no r e s t r i c t i o n s  were placed upon the  number o f  responses which 
each respondent might g i v e  t o  each quest ion,  the f o l l o w i n g  percentage 
score was used t o  f a c i l i t a t e  comparisons across Personnel Groups: 

ZR s = q x 100 
9 

where : 

S i s  the  percentage score f o r  a g iven Personnel Group, 

ZR i s  the number o f  responses made by the  g iven group, and 
9 

ZRt 

9 

i s  the  t o t a l  number o f  responses made by a l l  groups. 

The fo l low ing  percentage score was used t o  f a c i l i t a t e  comparisons across 
Response Categories (w i thout  regard t o  d i f f e r e n c e s  in  responses from 
d i f f e ren t Personne 1 G roups) : 

C x 100 ZR 
Sc= 

ZR 
9 

where : 

S i s  the  percentage score f o r  a g iven Response Category, 
C 

ZRc 

ZR i s  the  t o t a l  number o f  responses made t o  the  quest ion.  
g 

Quest ionnai re r e s u l t s  were e s p e c i a l l y  u s e f u l  i n  descr ib ing  d i f f e r e n t  

i s  the  number o f  responses i n  the  g iven category, and 

types o f  human f a c t o r s  personnel i n  terms o f  t h e i r  sources o f  in format ion,  
areas o f  c o n t r i b u t i o n ,  and pro fess iona l  a f f i l i a t i o n .  They were a l s o  u s e f u l  
i n  descr ib ing  des i red  response times o f  an automated human task data 
handl ing system. 
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APPENDIX V 

INTRODUCTORY LETTER FROM INTERVIEWER 

INSTITUTE FOR PERFORMANCE TECHNOLOGY 
A M E R I C A N  I N S T I T U T E  FOR RESEARCH 

18 September 1964 

M r .  John A. Smith 
JAS Company 
Houston, Texas 

Dear Mr .  Smith: 

Computer Concepts, Inc. and the American I n s t i t u t e s  f o r  Research 
are c u r r e n t l y  engaged i n  a study aimed toward developing a method o f  
computerization o f  human fac to rs  task data which w i l l  make possible the 
rapid,and e f f i c i e n t  storage, processing, and r e t r i e v a l  o f  human fac to rs  
data used i n  system development. Th is  p ro jec t  i s  sponsored j o i n t l y  by 
the A i r  Force and NASA (AF 33(615)-1557, Research on the Use of Computers 
f o r  Handling Advanced System Human Factors Task Data). 

One task assigned under terms of the cont rac t  i s  the study of 
present methods o f  handling human fac to rs  data i n  a number o f  cur ren t  
systems d i f f e r i n g  i n  degree o f  complexity and i n  phase of development. 
The magnitude of the[XYZ)effort, the uniqueness o f  many o f  the problems 
which must be solved, and the probable impact o f  methods developed on 
A i r  Force and NASA systems t o  fo l low ind ica te  the importance o f  in- 
cluding[XYZ]in the group o f  systems which should be studied. 

Lewis D. Hannah o f  the American I n s t i t u t e s  o f  Research, and James 
Eagle o f  Computer Concepts, Inc., p lan  t o  v i s i t  your o f f  i ce  22-23 
September as arranged i n  our telephone conversation 16 September. We 
w i l l  be interested i n  ob ta in ing  the fo l l ow ing  information: 

L i s t s  o f  documents which es tab l i sh  o r i g i n a l  requirements and which 
f i x  the framework upon which o r i g i n a l  procedures used i n  system devel- 
opment were based. Such documents w i l l  include statements o f  work, study 
plans, M i l  Specs and Regs, Exhibi ts,  and others as appropr iate t o  the 

[XYZ]program. 
would l i k e  t o  be able t o  examine o r  copy wh i le  i n  your o f f i c e  or be 
c!!rerted as t o  how they might be acquired. 

Some of these w i l l  be read i l y  ava i l ab le  t o  us. Others we 

We would then l i k e  t o  learn how theIIi(YZ1program has implemented 
procedures t o  s a t i s f y  establ ished requirements w i t h  regard t o  the human 
fac to rs  aspects o f  system development. Examination o f  organizat ional  
and work f l ow  charts of sections which u t i l i z e  human fac to rs  data w i l l  
probably be a major source o f  t h i s  information. 

410 A M B E R S O N  A V E N U E  P I T T S B U R G H  P E N N S Y L V A N I A  1 5 2 3 2  I 4 1 2  I 681-3000 
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Mr.  J. A. Smith 2 18 September 1964 

Since formal plans are seldom fol lowed t o  the l e t t e r ,  we would l i k e  
t o  be able t o  t a l k  w i t h  someone who can t e l l  us what informal procedures 
have been developed t o  make work e f f o r t s  more e f f i c i e n t .  This w i l l  be 
of  special i n t e r e s t  when the procedures have t o  do w i t h  the a c q u i s i t i o n  
and/or the generation o f  human f a c t o r s  data. 

We would l i k e  t o  be able t o  learn  the fo l low ing  things about system 
outputs, e i t h e r  extant  or  ant ic ipated,  such as t r a i n i n g  manuals, maintenance 
manuals, operat ing manuals, and technical  handbooks. When i n  terms of phase 
o f  system development were they completed? By what sect ion were they pre- 
pared, and what procedures were used i n  t h e i r  preparat ion? By what sect ion 
and by what procedures were the data necessary f o r  t he i  r preparat ion gen- 
erated? When i n  terms o f  phase of system development were requirements 
f o r  such outputs f i x e d  i n  f i n a l  form? 

What procedures have been establ ished f o r  inc lus ion o f  human f a c t o r s  
considerations i n  the design o f  work and l i v i n g  spaces, con t ro l ,  and 
d isp lays? What are the chief  sources of data used i n  these design e f f o r t s ?  

Then we would l i k e  t o  know what use has been made of computers i n  any 
o f  the above e f f o r t s .  How has the use of computers aided these e f f o r t s  
and where and f o r  what reasons has the computer not  been o f  mater ia l  he lp? 
What kinds o f  c l a s s i f i c a t i o n  schemes have been used and what kinds o f  pro- 
grams and computers have been used i n  s t o r i n g  and processing data? Here 
we would l i k e  t o  be able t o  beg o r  borrow, examine or copy examples of 
the input  mater ia ls  and o f  requests f o r  use of the stored data. 

Experience has shown t h a t  discussion o f  such mater ia l  leads t o  
questions which cannot be an t ic ipa ted  so we would l i k e  t o  have the oppor- 
t u n i t y  t o  ask such questions t o  the extent  t h a t  you can make t ime a v a i l a b l e  
t o  us. 

Very t r u l y  yours, 

Lewis D. Hannah 
Pro ject  D i  rec to r  

LDH: v f  
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APPENDIX V I  

SAMPLE OF QUESTIONS ASKED AT THE INTERVIEW 

We would l i k e  t o  be a b l e  t o  e s t a b l i s h  the  network o f  human f a c t o r s  
data used i n  the  development o f  t h i s  system. We a r e  i n t e r e s t e d  i n  
i d e n t i f y i n g :  

1. The nature o f  human f a c t o r s  e f f o r t  i n  each phase of 
system development. 

2. The degree o f  emphasis on human f a c t o r s  through each 
phase o f  development. 

3. Key p o i n t s  i n  system development where human f a c t o r s  
data have been introduced. 

4. What regu la t ions  or s p e c i f i c a t i o n s  i f  any were fo l lowed? 

5. What requirements were made by the c o n t r a c t i n g  agency f o r  
use o f  human f a c t o r s  s p e c i a l i s t s  on design team? 

6. What dec is ions r e q u i r i n g  considerat ion o f  human f a c t o r s  
data were made by persons no t  i d e n t i f i a b l e  as human 
f a c t o r s  s p e c i a l i s t s ?  

7. What a r e  c h i e f  data sources f o r  each i d e n t i f i e d  d e c i s i o n  
o r  input  p o i n t ?  

8. What m o d i f i c a t i o n s  t o  procedures were made as the system 
developed? 

9. What research had t o  be done t o  s a t i s f y  needs f o r  data. 
Was such research done in-house or contracted? 

10. What stages i n  the development c y c l e  p rov ide  f o r  redesign 
o f  m o d i f i c a t i o n  f o l l o w i n g  t e s t s  o f  mockups o r  p ro to type 
equ i pmen t ? 

\ I .  What a r e  proposed or e x i s t i n g  f i n a l  products i n  which human 
f a c t o r s  considerat  ions are o f  pi-lmary Importance? 

12. When, i n  terms o f  system development, were requirements f o r  
these products se t  and by whom were they set  and developed? 

13. What documents a r e  a v a i l a b l e  for  examinat ion; e.g., 
proposals, statements of  work, progress repor ts ,  research 
reports,  manuals prepared, o rgan iza t ion  char ts ,  regula- 
t ions ,  o r  s p e c i f i c a t i o n s ?  
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APPENDIX V I 1  

TITLES OF RESPONDENTS TO THE QUESTIONNAIRES 

Proqram Level Manaqers 

Ass i s tan t  D i rec to r ,  Advanced Plans 
Special Ass i s tan t  t o  the D i r e c t o r  
Chief ,  Operations Planning D i v i s i o n  
Chief ,  Crew Systems D i v i s i o n  
A s s i s t a n t  Chief ,  Space Mechanics D i v i s i o n  
Chief ,  Crew I n t e g r a t i o n  Branch 
Personnel Subsystem Manager, SPO 
Supervisory Aerospace Technologist  
Supervi sory  Tra i n i ng Spec i a 1 i s t 

Personnel Subsystem Manaqers 

Chief  o f  Human Fac tors  
Manager, Command Systems and Human Fac tors  
Head, Human Fdctors 
Manager, Human Fac tors  Department 
D i r e c t o r  o f  Research 
Manager, Engineer ing Psychology 
Personnel Subsystem Group Leader 
Chief ,  Human Fac tors  Engineer ing 
Manager, Man Machine Engineer ing Department 
U n i t  Head, Human Fac tors  
D i r e c t o r ,  Human Fac tors  Technologies 
Head, Human Factors S t a f f  
Head, Human Factors Group 
Department Manager, Human Fac tors  Department 
Advisory Psychologist ,  Head, Human Fac tors  Group 
Supervisor, Human Fac tors  Group 

Department Heads 

Ass i s tan t  Chief, Biotechnology Sec t ion  
Supervisor, Human Fac tors  Ana lys i s  Sec t ion  . 
Head, Mathematics and Eva lua t i on  Studies Department 
P r i nc i pa 1 S c i en t i s t 
Senior Research Psychologis t  
Senior Engineer ing Psychologist  
Chief ,  M a i n t a i n a b i l i t y  Engineer 
Ch ie f ,  L i f e  Sciences Sec t ion  
Senior Engi neer 
Group Head, Display Stems Department 
Supervi sor, Advance Manned Spacecraf t  
Personnel Support Sec t ion  Supervisor 
Superv is ing Psychologist ,  Human Engineer ing 



A Supervisor, Maintainability Engineering 
Senior Design Engineer 
Manager, Training and Management Personnel 
Senior Research Engineer, Lead Engineer 
Research Sc i ent i s t 
Manager, Support Systems Engineering 

Non-manaqer ia 1 Personnel 

Staff Engineer, Aerospace Medicine 
Coordinator, Integrated Maintenance Management 
Aerospace Technologist 
Control Systems Project Engineer 
Engineering Psychologist 
Specialist Maintainability Engineer 
Engineering Psychologist 
Psycho1 og i st 
Human Factors Engineer 
Human Factors Engineer 
Project Engineering Psychologist 
Engineering Psychologist 
Engineering Psychologist 
Staff Project Engineer 
Des i gn Group Eng i neer 
Technical Publications Specialist 
Research Engineer, Human Factors 
Training Specialist 
Design Specialist, Human Factors Engineering 
Project Engineer, Human Engineering 
Human Factors Scientist 
Human Eng i neer 
Associate Project Director 
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eve r ,  the s u g g e s t e d  length is from 1 5 0  t 9  2 2 5  words.  

14 .  KEY WORDS: Key words  a r e  t echn ica l ly  meaningful term: 
or short  p h r a s e s  that  cha rac t e r i ze  a report  a n d  may b e  u s e d  as  
index en t r i e s  for ca t a log ing  the  report .  
s e l e c t e d  so t ha t  n o  secu r i ty  c l a s s i f i c a t i o n  i s  required.  Ident i .  
f i e r s ,  s u c h  a s  equipment  model des igna t ion ,  t rade name, milita 
project  c o d e  name,  geographic  locat ion,  may be used  a s  key 
words bu t  will  b e  fol lowed by an  indicat ion o f  t echn ica l  c o n -  
text .  

Inc lude  address .  

Key words m u s t  b e  

The ass ignmen t  of l i nks ,  ru l e s ,  a n d  we igh t s  i s  Optional.  

Security Classif icat ion 


